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SEATBELT PRETENSIONING RETRACTOR ASSEMBLY
INCLUDING A PRETENSIONER ROD

RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Patent Application Number
15/461,534, entitted SEATBELT PRETENSIONING RETRACTOR ASSEMBLY
INCLUDING A PRETENSIONER ROD,” filed March, 17, 2017, the content of which is

hereby incorporated by reference in its entirety.

TECHNICAL FIELD

[0002] The technical field relates generally to seatbelt restraint devices for

restraining an occupant of a vehicle, and more particularly, to devices for pretensioning

a seatbelt.
BACKGROUND
[0003] Seatbelt restraint systems for restraining an occupant in a vehicle seat

play an important role in reducing occupant injury in vehicle crash situations. Seatbelt
restraint systems of the conventional so-called “3-point” variety commonly have a lap
belt section extending across the seat occupant’s pelvis and a shoulder belt section
crossing the upper torso, which are fastened together or are formed by a continuous
length of seatbelt webbing. The lap and shoulder belt sections are connected to the
vehicle structure by anchorages. A belt retractor is typically provided to store belt
webbing and may further act to manage belt tension loads in a crash situation. Seatbelt
restraint systems which are manually deployed by the occupant (so-called “active’
types) also typically include a buckle attached to the vehicle body structure by an
anchorage. A latch plate attached to the belt webbing is received by the buckle to allow
the belt system to be fastened for enabling restraint, and unfastened to allow entrance
and egress from the vehicle. Seatbelt systems, when deployed, effectively restrain the

occupant during a collision.
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[0004] OEM vehicle manufacturers often provide seatbelt restraint systems with
pretensioning devices, which tension the seatbelt either during an impact of the vehicle
or even prior to impact (also known as a “pre-pretensioner’) to enhance occupant
restraint performance. The pretensioner takes out slack in the webbing and permits the
belt restraint system to couple with the occupant early in the crash sequence. One type
of pretensioner acts on the webbing retractor to tension the belt. Various designs of
retractor pretensioners presently exist, including a type known as a roto-pretensioner
that incorporates a gas generator for generating a pyrotechnic charge. Examples of
such roto-pretensioners are described in U.S. Patent No. 5,881,962, filed April 11, 1995,
U.S. Patent Application Publication No. 2006/0243843, filed April 27, 2005, U.S. Patent
Application Publication No. 2012/0006925, filed July 6, 2010, and U.S. Patent No.
7,988,084, filed August 2, 2011, which are commonly owned by the assignee of the
present application and are hereby incorporated by reference in their entirety for all
purposes. Generally, ignition of the pyrotechnic charge or other combustible material
creates gas pressure in a chamber having a piston to impart motion upon a driving
element such as a piston, rack and pinion, or series of balls disposed in a pretensioner
tube, which engage with and wind a retractor spool sprocket to retract the webbing.
[0005] One issue with pretensioners using a series of metallic balls is the weight
of the series of balls required for a full pretensioning stroke, as well as the
corresponding cost of supplying multiple metallic balls with strict tolerances. Further, for
pretensioners using a series of metallic balls, or rack and pinion based systems, is the
need for a synchronizing or clutch feature to ensure that the series of balls or pinion
sufficiently engage the retractor spool sprocket.

[0006] Another issue with pretensioners is known as a low resistance condition,
where the driving elements will reach an end of stroke without experience substantial

resistance. This can occur if there is excessive slack in the seatbelt webbing. In these
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cases, the low resistance results in a lower amount of backpressure from the driving
elements. The backpressure is produced by the engagement between the driving
elements and the sprocket, so lower backpressure reduces the pressure on a sealing
element that trails the driving elements. Reduced pressure on the sealing elements
reduces the amount that the sealing element is compressed circumferentially. Reduced
sealing ability can cause gas to leak from the tube around the series of balls.

[0007] A further issue with pretensioners is the need to maintain the retractor and
the seatbelt webbing in a locked condition at the end of the pretensioning stroke. When
the retractor spool does not remain locked, payback can occur which allows the seatbelt
to unspool and reintroduce slack in the seatbelt. One method for maintaining the locked
position includes maintaining pressure from the gas generator beyond the amount

needed for the pretensioning stroke. However, this adds weight and cost.

BRIEF SUMMARY

[0008] Seatbelt pretensioning retractor assemblies for use in a passenger vehicle
are provided herein. In an exemplary embodiment, a seatbelt pretensioning retractor
assembly includes a housing that is adapted for being mounted to a vehicle structure.
The housing has an interior cavity. A tube has an arcuate and curved shape having a
first end for fluid communication with a gas generator and a second end in fluid
communication with the interior cavity of the housing. A sprocket is rotatably mounted
to the housing and is fixedly coupled to a spindle adapted for taking up seatbelt webbing
during pretensioning. A driving element includes a polymer rod having a proximal end
portion that is disposed towards the gas generator and a distal end portion that is
opposite the proximal end portion. The polymer rod is configured to extend in a
longitudinal direction from the proximal end portion to the distal end portion. The
polymer rod has a recessed portion defining a recess that extends generally in the

longitudinal direction. The polymer rod is disposed within the tube and is translatable
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through the tube in a first direction toward the sprocket in response to an actuation by
the gas generator. A stopper is coupled to the proximal end portion of the polymer rod.
A seal member is disposed between the gas generator and the stopper. The tube
includes a projection extending within the tube adjacent to an exit at the second end to
define a constriction portion that has an opening dimension smaller than an inside
dimension of adjacent portions of the tube. The recess is aligned with the projection in
the first direction. The constriction portion is sized to permit the recessed portion of the
polymer rod to pass therethrough while preventing the stopper from passing
therethrough. The polymer rod has a retention feature that is disposed at or proximate
the distal end portion and that is configured to releasably engage the projection to
facilitate retaining and/or positioning the polymer rod in the tube.

[0009] In another exemplary embodiment, a seatbelt pretensioning retractor
assembly for use in a passenger vehicle is provided. The seatbelt pretensioning
retractor assembly includes a housing adapted for being mounted to a vehicle structure
and has an interior cavity. A tube has an arcuate and curved shape having a first end
for fluid communication with a gas generator and a second end in fluid communication
with the interior cavity of the housing. A sprocket is rotatably mounted to the housing
and is fixedly coupled to a spindle adapted for taking up seatbelt webbing during
pretensioning. A driving element includes a polymer rod having a proximal end portion
that is disposed towards the gas generator and a distal end portion that is opposite the
proximal end portion. The polymer rod is configured to extend in a longitudinal direction
from the proximal end portion to the distal end portion. The polymer rod has a recessed
portion defining a recess that extends generally in the longitudinal direction. The
polymer rod is disposed within the tube and is translatable through the tube in a first
direction toward the sprocket in response to an actuation by the gas generator. A

stopper is coupled to the proximal end portion of the polymer rod. A seal member is
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disposed between the gas generator and the stopper. The tube includes a projection
extending within the tube adjacent to an exit at the second end to define a constriction
portion that has an opening dimension smaller than an inside dimension of adjacent
portions of the tube. The recess is aligned with the projection in the first direction. The
constriction portion is sized to permit the recessed portion of the polymer rod to pass
therethrough while preventing the stopper from passing therethrough. The recessed
portion of the polymer rod has a proximal end section that is adjacent to the stopper and
that includes a chamfered end wall that flares outwardly along a length of the proximal
end section in a direction towards the stopper for engagement with the projection during
pretensioning.

[0010] In another exemplary embodiment, a seatbelt pretensioning retractor
assembly for use in a passenger vehicle is provided. The seatbelt pretensioning
retractor assembly includes a housing adapted for being mounted to a vehicle structure
and has an interior cavity. A tube has an arcuate and curved shape having a first end
for fluid communication with a gas generator and a second end in fluid communication
with the interior cavity of the housing. A sprocket is rotatably mounted to the housing
and is fixedly coupled to a spindle adapted for taking up seatbelt webbing during
pretensioning. A driving element includes a polymer rod having a proximal end portion
that is disposed towards the gas generator and a distal end portion that is opposite the
proximal end portion. The polymer rod is configured to extend in a longitudinal direction
from the proximal end portion to the distal end portion. The polymer rod has a recessed
portion defining a recess that extends generally in the longitudinal direction. The
polymer rod is disposed within the tube and is translatable through the tube in a first
direction toward the sprocket in response to an actuation by the gas generator. A
stopper is coupled to the proximal end portion of the polymer rod. A seal member is

disposed between the gas generator and the stopper. The tube includes a projection
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extending within the tube adjacent to an exit at the second end to define a constriction
portion that has an opening dimension smaller than an inside dimension of adjacent
portions of the tube. The recess is aligned with the projection in the first direction. The
constriction portion is sized to permit the recessed portion of the polymer rod to pass
therethrough while preventing the stopper from passing therethrough. The distal end
portion of the polymer rod has a distal-most end portion that is adjacent to the exit and
that includes at least one chamfer that tapers inwardly along a length of the distal-most
end portion in the first direction.

[0011] Further objects, features, and advantages of the invention will become
apparent to those skilled in the art to which the present invention relates from
consideration of the following description and the appended claims, taken in conjunction

with the accompanied drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The drawings described herein are for illustration purposes only and are
not intended to limit the scope of the present disclosure in any way.

[0013] Figure 1 is perspective view of an occupant restraint system in accordance
with an exemplary embodiment;

[0014] Figure 2 is a perspective view of the occupant restraint system with
various components removed to show a seatbelt pretensioning retractor assembly in
accordance with an exemplary embodiment;

[0015] Figure 3 is a perspective view of the seatbelt pretensioning retractor
assembly in accordance with an exemplary embodiment;

[0016] Figure 4 is a cut-away view of the seatbelt pretensioning retractor
assembly illustrating a tube, a polymer rod, and a sprocket in a non-actuated position in

accordance with an exemplary embodiment;
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[0017] Figure 5 is a side cut-away view of the polymer rod and a stopper in
accordance with an exemplary embodiment;
[0018] Figure 6 is a plan view of the sprocket having a plurality of vanes in

accordance with an exemplary embodiment;

[0019] Figure 7 is a side view of the sprocket in accordance with an exemplary
embodiment;
[0020] Figure 8 is a partial view of the sprocket illustrating the shape of the vanes

in accordance with an exemplary embodiment;

[0021] Figure 9 is an exploded, perspective top view of the polymer rod, the
stopper, and a seal in accordance with an exemplary embodiment;

[0022] Figure 10A is a partial enlarged view of the polymer rod depicted in Figure
9 in accordance with an exemplary embodiment;

[0023] Figure 10B is a partial enlarged view of the polymer rod depicted in Figure
9 in accordance with an exemplary embodiment;

[0024] Figure 11 is a partial enlarged view of the polymer rod depicted in Figure 9
in accordance with an exemplary embodiment;

[0025] Figure 12 is a partial bottom view of the polymer rod in accordance with an
exemplary embodiment;

[0026] Figure 13 is a partial cross-sectional view of the polymer rod in a first
position in the tube during installation in accordance with an exemplary embodiment;
[0027] Figure 14 is a partial cross-sectional view of the polymer rod in a fully
installed position in the tube in accordance with an exemplary embodiment;

[0028] Figure 15 is a cross-sectional view of the seatbelt pretensioning retractor
assembly in an actuated position in accordance with an exemplary embodiment;

[0029] Figures 16A-16E are cross-sectional views of various embodiments of the

polymer rod illustrated in Figure 5 along line 16-16;

7



WO 2018/170085 PCT/US2018/022367

[0030] Figure 17 is a cross-sectional view of an embodiment of a constriction
portion in the tube;

[0031] Figure 18 is a cross-sectional view of another embodiment of the
constriction portion;

[0032] Figure 19 is a cross-sectional view of another embodiment of the
constriction portion;

[0033] Figure 20 is a side cut-away view of the polymer rod and the stopper in
accordance with another exemplary embodiment;

[0034] Figure 21 is a plan view of the polymer rod and the stopper depicted in

Figure 20; and

[0035] Figures 22A-22C are cross-sectional views of the polymer rod depicted in
Figure 21.
[0036] It should be understood that throughout the drawings, corresponding

reference numerals indicate like or corresponding parts and features.

DETAILED DESCRIPTION OF THE INVENTION

[0037] The following description is merely exemplary in nature and is not
intended to limit the present disclosure or its application or uses.

[0038] Referring now to the drawings, Figure 1 shows a vehicle seat 9 and a
seatbelt assembly 12 in accordance with an exemplary embodiment. The seatbelt
assembly 12 includes a seatbelt webbing 14 having a shoulder belt portion 16 extending
from an upper guide loop or anchorage 18 to a latch plate 20 and a lap belt portion 22
extending from the latch plate 20 to an anchorage 24. The latch plate 20 can include a
loop portion 26 through which the seatbelt webbing 14 extends. The latch plate 20 is
able to be inserted into a seatbelt buckle 28 to lock and unlock the seatbelt assembly
12. A seatbelt buckle cable 30, either directly or in cooperation with other components,

secures the seatbelt buckle 28 to a portion 31 of the vehicle structure (e.g., vehicle
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frame). It will be appreciated that other manners of attaching the seatbelt webbing 14 to
vehicle could also be used, including variations on the latch plate 20 and the seatbelt
buckle 28 and their attachments to the seatbelt webbing 14 and associated vehicle
structure.

[0039] The seatbelt webbing 14 is able to pay-out from a seatbelt pretensioning
retractor assembly or retractor assembly 32 (shown in Figures 2 and 3), which is located
within the vehicle seat 9 (in an integrated structural seat design) or is coupled
structurally to the vehicle body, so that the effective length of the seatbelt webbing 14 is
adjustable. When the latch plate 20 has been fastened to the seatbelt buckle 28, the
seatbelt assembly 12 defines a three-point restraint between the anchorage 18, the
latch plate 20, and the anchorage 24. Any other suitable configurations, such as
alternative locations for the retractor assembly 32, the latch plate 20, and the anchorage
24, may be used with the present invention.

[0040] Now with reference to Figure 2, an isometric view of the seatbelt assembly
12 is illustrated disassociated from the motor vehicle and showing the retractor
assembly 32 in accordance with an exemplary embodiment. The retractor assembly 32
includes a spool assembly 34 and a gas generator 36 mounted to a common frame 38.
The spool assembly 34 is connected with and stows the seatbelt webbing 14 of the
shoulder belt portion 16, whereas the end of the lap belt portion 22 of the seatbelt
webbing 14 is fixedly engaged with the anchorage point, for example, the frame 38 or
another portion of the motor vehicle such as the seat 9 (shown in Figure 1) or floor pan.
[0041] Referring also to Figure 3, the spool assembly 34 includes a belt spool 40
that engages the shoulder belt portion 16 of the seatbelt webbing 14 and rotates to
wind-up or pay-out the seatbelt webbing 14. A torsional “clock” or “motor” type spring is
carried within a spring end cap 42 and rotationally biases the belt spool 40 to retract the

seatbelt webbing 14. The spool assembly 34 may further incorporate other spool
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control mechanisms that are known in accordance with the prior art, including
pretensioners, inertia and webbing sensitive locking devices, torsion bar load limiters, or
other belt control devices. “Spool control systems” referred to in this specification may
include any system that controls the rotational movement of a webbing spool, thus
controlling the extraction and retraction of seatbelt webbing. One such spool control
system is a motor-assisted retractor. Spool locking devices typically incorporate an
inertia sensitive element, such as a rolling ball or pendulum, and cause a sprocket of the
spool to be engaged to prevent further withdrawing of the seatbelt webbing 14 from the
belt spool 40. Webbing sensitive locking devices sense rapid pay-out of seatbelt
webbing 14 to lock the retractor assembly 32. Various electronic sensing mechanisms
that detect the withdrawal of seatbelt webbing 14 and/or the connection of the latch
plate 20 to the seatbelt buckle 28 may also be incorporated into the retractor assembly
32.

[0042] During normal operation of the vehicle, the retractor assembly 32 allows
pay-out of seatbelt webbing 14 to give the occupant a certain amount of freedom of
movement. However, if an impact or a potential impact situation is detected, the
retractor assembly 32 is locked to prevent pay-out and to secure the occupant in the
seat 9. For example, if the vehicle decelerates at a predetermined rate or if the brakes
are actuated with a predetermined force, then the retractor assembly 32 is locked. Due
in part to the free pay-out of the seatbelt webbing 14, the seatbelt assembly 12 often
develops slack during normal use.

[0043] Figure 4 provides a cut-away illustration of a pretensioner system 44 in
accordance with an exemplary embodiment. Referring to Figures 3-4, in particular, the
retractor assembly 32 further incorporates the pretensioner system 44 operatively
connected to the spool assembly 34 and operable to rotate the belt spool 40 for

pretensioning. As known to those of skill in the art, a retractor pretensioner winds
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seatbelt webbing into a more taught condition against the occupant at the initial stages
of a detected vehicle impact. This is provided to reduce forward motion or excursion of
the occupant in response to the deceleration forces of a vehicle impact or rollover.
[0044] The pretensioner system 44 includes a pretensioner tube 52 in
communication with the gas generator 36. The gas generator 36 is used to provide
expanding gas in response to a firing signal. As is known in the art, for example, the
vehicle includes a sensor array sending a signal indicative of an emergency event such
as an impact event, crash, or rollover. The vehicle sensor may be a specific impact
sensor, or may be a traditional vehicle sensor (e.g. a longitudinal or lateral acceleration
sensor) or otherwise part of a control system having a suite of multiple sensors. Any
other impact sensor that is or will be known to those skilled in the art may also be
readily employed in conjunction with the seatbelt assembly 12 of present invention. An
electronic control unit such as a central processing unit (CPU) or other controller
receives a signal and controls the seatbelt assembly 12 to respond by tightening the
seatbelt webbing 14 of the vehicle (e.g. via activation of a pretensioner).

[0045] As will be discussed in further detail below, the pretensioner tube 52 has a
pretensioner rod 53, e.g.,, a polymer rod or a plastically deformable polymer rod,
disposed therein that has an elongate shape and is flexible within the tube 52. More
specifically and as will be discussed in further detail below, the pretensioner rod 53,
when disposed outside of the pretensioner tube 52 prior to insertion therein, has a
generally straight shape, and when inserted into the tube 52 it will bend and flex in
accordance with the tortuous shape of the tube 52.

[0046] Turning now to the retractor assembly 32, the retractor assembly 32
includes the spool assembly 34 mounted to the common frame 38, as described above.

More particularly, the spool assembly 34 will rotate relative to the common frame 38 to
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wind the seatbelt webbing 14 attached to the spool assembly 34. The common frame
38 includes a housing 54 for housing the components of the pretensioner system 44.
[0047] The spool assembly 34 includes a sprocket 56 that is disposed within the
housing 54. The sprocket 56 is attached to the belt spool 40. Rotation of the sprocket
56 will cause the attached belt spool 40 to rotate to wind the seatbelt webbing 14 that is
attached to the belt spool 40.

[0048] Figure 5 provides a side cut-away illustration of the pretensioner rod 53
and a stopper 55 in accordance with an exemplary embodiment. Figures 16A-16E
provide cross-sectional views of various embodiments of the pretensioner rod 53
illustrated in Figure 5 along line 16-16. As shown in Figures 5 and 16A-16E, the
pretensioner rod 53 has a generally circular cross-section in one form. In another
approach, the pretensioner rod 53 could have a non-circular cross-section, such as a
generally rectangular cross-section, generally triangular cross-section, or other
polygonal cross-section that allows the pretensioner rod 53 to be inserted into the
pretensioner tube 52 (shown in Figure 4) during assembly of the pretensioner system 44
and adapt to the tortuous shape of the pretensioner tube 52 when inserted. For
purposes of discussion, the pretensioner rod 53 will be discussed as having a generally
circular cross-section

[0049] As illustrated and as discussed above, the pretensioner rod 53, when
disposed outside of the pretensioner tube 52, has a generally straight shape and
extends in a longitudinal direction 200 from a proximal end portion 202 to a distal end
portion 204. The proximal end portion 202 is disposed towards the gas generator 36
(shown in Figure 4) when the pretensioner rod 53 is installed within the pretensioner
system 44. In an exemplary embodiment, the pretensioner tube 52 has a cross-section
that varies along its length to define a non-recessed portion 206 and a recessed portion

208 that defines a recess 210. In one example and as illustrated in Figures 5 and 16D,
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the recess 210 is configured as a groove 212, e.g., U-shaped groove with sidewalls
214a. In another example and as illustrated in Figure 16A, the recessed portion 208
has a recessed ruled surface 214b, e.g., substantially flat surface, which defines the
recess 210. Non-limiting alternative examples of different forms of the recess 210 are
illustrated in Figures 16B-16C and 16E.

[0050] Referring to Figures 5 and 9, in an exemplary embodiment, the recessed
portion 208 extends along a majority of the overall length of the pretensioner rod 53
from the proximal end portion 202 to and including the distal end portion 204. In one
example, the recessed portion 208 extends to a distal-most end portion 209 of the distal
end portion 204 of the pretensioner rod 53. As illustrated, the proximal end portion 202
includes the non-recessed portion 206 in which the recess 210 terminates at a distal-
most section of the non-recessed portion 206. As will be discussed in further detail
below and as illustrated in Figures 5 and 16A-16E, the non-recessed portion 206 of the
pretensioner rod 53 has a diameter, cross-sectional dimension, and/or perimeter greater
than the recessed portion 208. In an exemplary embodiment, the non-recessed portion
206 has a length L1 of from about 15 to about 25 mm, such as about 20 mm and a
width W1 of from about 4 to about 7 mm, and the recessed portion 208 has a length L2
of from about 60 to about 145 mm and a thickness W2 of from about 2.5 to about 8.0
mm.

[0051] Referring to Figures 4-5, 9, and 10B, in an exemplary embodiment and as
will be discussed in further detail below, the pretensioner rod 53 has a retention feature
211 that is disposed at or proximate the distal end portion 204 for helping to retain
and/or position the pretensioner rod 53 in the tube 52 during assembly of the
pretensioner system 44. In one example, the retention feature 211 is a negative feature

213, e.g., a recess, notch, or hook, which is aligned with or parallel to the recess 210
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and extending downwardly into the recessed portion 208.  Alternatively, the
pretensioner rod 53 may not include a retention feature 210 as illustrated in Figure 10A.
[0052] Referring to Figures 5, 9, and 11, in an exemplary embodiment, the
pretensioner rod 53 also includes a positive feature 216, e.g., nub or post, extending
proximally from the proximal end portion 202. The stopper 55 has a negative feature
218 formed therein that receives the positive feature 216 to couple the stopper 55 to the
proximal end portion 202 of the pretensioner rod 53. In one example, the negative
feature 218 and the positive feature 216 are sized such that the stopper 55 is
compression fit, e.g., interference fit, onto the positive feature 216 to fixedly couple the
stopper 55 to the pretensioner rod 53. In an exemplary embodiment and as illustrated
in Figure 11, the positive feature 216 includes one or more ribs 217 extending outwardly
from the positive feature substantially parallel to the longitudinal direction 200 to
facilitate retaining the stopper 55 to the pretensioner rod 53. Other forms of coupling
and/or fixing the stopper 55 to the positive feature 216 and/or the proximal end portion
202 may be used, such as, for example, an adhesive, mechanical means, or the like.
As illustrated, the negative feature 218 can be configured as a blind hole 220.
Alternatively, the negative feature 218 can be configured as a through-hole with the
positive feature 216 extending partially or fully therethrough.

[0053] In an exemplary embodiment, the pretensioner rod 53 includes a
chamfered end wall 219 that is disposed at the proximal end section of the recessed
portion 208 that is adjacent to the stopper 55 (shown in Figure 11). The chamfered end
wall 219 flares outwardly along a length of the proximal end section in a direction
towards the stopper 55. As will be discussed in further detail below, advantageously the
chamfered end wall 219 helps slow the pretensioner rod 53 near the end of the
pretensioning stroke to reduce impact forces on a projection 120 (shown in Figures 4

and 15) as the projection 120 moves relative through the recess 210 of the pretensioner
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rod 53 and engages the tapered structure of the chamfered end wall 219. Without being
limited by theory, it is believed that the tapered structure of the chamfered end wall 219
allows the impact force against the projection 120 to be managed (e.g., gradually
increased) while effectively reducing the speed of the pretensioner rod 53 over a
distance at or near the end of the pretensioning stroke such that the maximum impact
force is less than otherwise would have occurred without the chamfered end wall 219
(e.g., versus abrupt impact of a vertical end wall of the recessed portion 208 against the
projection 120).

[0054] Referring to Figures 4-5, 9, 10A-10B, and 12, in an exemplary
embodiment, the pretensioner rod 53 may include one or more chamfers 260a, 260b at
its distal end portion 204 that taper inwardly along a length of the distal-most end portion
209 in the direction 200. In one example, the pretensioner rod 53 includes the chamfer
260a that is disposed on a same side of the pretensioner rod 53 as the recess 210. In
another example, the pretensioner rod 53 includes the chamfer 260b that is disposed on
a side of the pretensioner rod 53 opposite the chamfer 206a. In an exemplary
embodiment and as will be discussed in further detail below, the chamfer 260a
advantageously helps reduce the force required to advance the pretensioner rod 53 in
the tube 52 to facilitate installation of the pretensioner rod 53 in the pretensioner system
44 and independently, the chamfer 260b advantageously facilitates engagement of the
pretensioner rod 53 with the sprocket 56 during pretensioning.

[0055] With reference to Figures 4-5, in an exemplary embodiment, the
pretensioner rod 53 is made from a polymer material, which has a reduced weight
relative to metallic ball driving elements of other roto-pretensioners. The particular
polymer material can be selected to fit the particular desires of the user. The polymer
material is preferably one that has sufficient flexibility such that it can bend and flex

through the pretensioner tube 52 to allow for initial installation as well as in response to
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actuation by the gas generator 36. The polymer material is preferably one that has
sufficient pushability in response to actuation, such that the pretensioner rod 53 will
sufficiently transfer a load to the sprocket 56 of the pretensioner system 44, thereby
functioning as a driving element for causing pretensioning.

[0056] Further, in an exemplary embodiment, the pretensioner rod 53 is made
from a polymer material that is plastically deformable. During and after actuation, the
pretensioner rod 53 will be become plastically deformed in response to actuation and
contact with other components (e.g., the sprocket 56) of the pretensioner system 44. As
will be discussed in further detail below, this plastic deformation will cause the
pretensioner rod 53 to become locked, for example, in the sprocket 56 to prevent or limit
payback of the pretensioner rod 53 without being completely dependent on maintained
pressure in the system.

[0057] In one approach, the pretensioner rod 53 is made from a nylon
thermoplastic material. The pretensioner rod 53 could also be made from an aliphatic
polyamide thermoplastic material. In another approach, the pretensioner rod 53 could
be made from a similar thermoplastic material, such as an acetal material or
polypropylene material.

[0058] With reference to Figures 6-8, the sprocket 56 has a general annular
shape that defines an internal aperture 76. The sprocket 56 further defines a plurality of
inward extending teeth 78 that extend into the aperture 76. The teeth 78 are sized and
configured to correspond to recesses or depressions that are defined on an external
surface of the belt spool 40 (shown in Figure 3) to connect the sprocket 56 to the belt
spool 40 such that they are rotationally coupled. In another approach, the internal
aperture 76 could include a single tooth or protrusion to rotationally couple the sprocket

56 to the belt spool 40.
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[0059] The sprocket 56 includes an annular body portion 80 and a flange portion
82 that projects radially from the base of the annular body portion 80. The sprocket 56
further includes a plurality of vanes 84 that each project radially from the annular body
portion 80 as well as longitudinally from the flange portion 82, such that vanes 82
extend between the annular body portion 80 and the flange portion 82.

[0060] The vanes 84 each have a generally triangular shape when viewed from
the front, with a base that tapers into a point 86 as the vane 84 extends radially outward
from the annular body portion 80. The particular width and pitch of the vanes 84 can be
selected as desired. The plurality of vanes 84 combine to define cavities 88 that are
disposed between adjacent vanes 84.

[0061] In one approach, each of the vanes 84 can have the same size and shape
and be uniformly distributed around the sprocket 56. In another approach, the vanes 84
can have different sizes and/or be spaced at different intervals. Adjusting the size and
spacing of the vanes 84 can alter the amount of rotation and/or the rate of the rotation
for the sprocket 84 when the pretensioner system 44 is activated. This variable size
and/or spacing is possible due to the actuation by the pretensioner rod 53 rather than by
a series of similarly shaped balls. In a pretensioner that uses a plurality of ball-shaped
driving elements, the size and spacing is preferably uniform to account for the
predetermined shape and size of the balls.

[0062] With reference once again to Figure 4, the housing 54 further include a
guide portion 90. The guide portion 90 is disposed within the housing 54 similar to the
sprocket 56. More particularly, the guide portion 90 is disposed opposite an exit 89 of
the tube 52, and the sprocket 56 is disposed between the guide portion 90 and the tube
52. Accordingly, the pretensioner rod 53 exiting the tube 52 will contact the sprocket 56

prior to contacting the guide portion 90.
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[0063] The guide 90 has a generally arcuate landing surface 92 that has a
concave shape toward the exit 89 of the tube 52. In one approach, the arc of the
surface 92 has a constant radius. Further, the center point of the radius of the arc is
aligned with the rotational axis of the sprocket 56, such that the radial spacing between
the surface 92 and the sprocket 56 is consistent along the length of the surface 92. In
another approach, the center point of the radius of the surface 92 could be offset from
sprocket axis, such that the radial spacing between the surface 92 and the outer
diameter of the sprocket 56 will vary at different points along the surface 92.

[0064] The surface 92 includes a first end 96 and second end 98. The first end
96 is disposed opposite the exit 89 of the tube 52 such that the pretensioner rod 53
would engage the first end 96 prior to the second end 98 after exiting the tube 52 and
passing the sprocket 56.

[0065] The housing 54 further defines an overflow cavity 100 that is disposed
opposite the guide 90. The overflow cavity 100 is also disposed adjacent the curvature
of the tube 52, and the sprocket 56 is disposed between the guide 90 and the overflow
cavity 100. Accordingly, an intermediate portion 101 of the guide 90 is diametrically
opposite the overflow cavity 100 across the sprocket 56.

[0066] The overflow cavity 100 is sized and configured to allow a portion the
pretensioner rod 53 to be received therein during actuation of pretensioner system 44, if
necessary. For example, after the pretensioner rod 53 has exited the tube 52 it will
contact the guide 90 and be directed in an arcuate path corresponding to the guide 90,
such that the pretensioner rod 53 is ultimately directed toward the overflow cavity 100.
The pretensioner rod 53 can extend into the overflow cavity 100, and can further be
guided along the curvature of the tube 52 that is adjacent the overflow cavity 100.
However, it will be appreciated that the pretensioner rod 53 may not necessarily travel

far enough during actuation to ultimately reach the overflow cavity 100.
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[0067] As described above, the retractor assembly 32 includes the gas generator
36 that provides expanding gas in response to a firing signal. The expanding gas
causes an increase in pressure within the tube 52, which ultimately causes the
pretensioner rod 53 to be forced away from the gas generator 36, through the tube 52,
and pass the exit into the sprocket 56 for pretensioning.

[0068] More particularly, as shown in Figures 9 and 15, the pretensioner tube 52
includes a piston or seal member 102. The seal member 102 can have a generally
cylindrical shape with a generally cylindrical outer surface, in one approach. In another
approach, the seal member 102 can have a spherical shape with a spherical outer
surface, or another appropriate shape and outer surface for sealing. The seal member
102 is slidably disposed within the tube 52 and is operable to drive the pretensioner rod
53 along an actuating direction or path A. As will be understood by those of skill in the
art, the seal member 102 may be press-fitted or otherwise fitted inside the tube 52.
[0069] The seal member 102 defines a proximal end spaced from the gas
generator 36 so as to define a gas chamber therebetween. The seal member 102
defines a distal end directed toward the stopper 55 and the pretensioner rod 53.

[0070] The stopper 55 is preferably made from aluminum, but could be made
from another suitable material of sufficient strength, such as steel, other metal or metal
alloy, or reinforced plastic with the seal member 102 being generally softer such that it
can provide the described sealing abilities. In an exemplary embodiment, the stopper
55 has an outer perimeter that substantially matches the perimeter of the non-recessed
portion 206 of the pretensioner rod 53. The stopper 55 is adjacent the distal end of the
seal member 102 and abuts the non-recessed portion 206 of the pretensioner rod 53.
[0071] The seal member 102 and the stopper 55 cooperate to transfer the energy
from the increased pressure in the gas chamber to the pretensioner rod 53. The

pretensioner rod 53, in order to travel through the tube 52 and flex according to the
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curvature of the tube 52, is sized slightly smaller than the width of the tube 52. Thus,
without the seal member 102, gas from the gas generator 36 would flow past the
pretensioner rod 53 in the space defined between the pretensioner rod 53 and the tube
52.

[0072] The seal member 102 defines a generally elastic structure, and may be
composed of various materials known in the art, such as any suitable plastic or polymer
(e.g., polyester, rubber, thermoplastic, or other elastic or deformable material).
Moreover, the seal member 102 may be die cast, forged, or molded from metal, plastic,
or other suitable material. In one embodiment, the seal member 102 is formed using a
two-cavity injection molding process. The generally elastic structure allows the shape of
the seal member 102 to change slightly in response to pressure, thereby improving the
sealing that it provides.

[0073] Referring to Figures 4 and 15, in operation, the gas generator 36 produces
expanding gas that pressurizes the gas chamber, thereby enabling the seal member
102 to forcibly drive the pretensioner rod 53 along the actuation path A. As the
pretensioner rod 53 is driven through the tube 52, it engages the sprocket 56. More
particularly, the pretensioner rod 53 engages the vanes 84 of the sprocket 56.
Engagement of the pretensioner rod 53 with the sprocket 56 as the pretensioner rod 53
is driven by expanding gas in the direction of arrow A causes the belt spool 40 (shown
in Figure 3) to rotate, which in turn provides pretensioning.

[0074] Activation of the gas generator 36 enables the seal member 102 to resist
gas leakage. As previously mentioned, the seal member 102 is composed of a
relatively elastic material. Therefore, pressurized gas within the gas chamber 108
causes the proximal end of the seal member 102 to expand, which helps prevent gas

from escaping past the seal member 102.
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[0075] In addition, backpressure generated from the pretensioner rod 53 causes
the seal member 102 to expand circumferentially outward due to compression of the
seal member 102 against the stopper 55 and the pretensioner rod 53. The pretensioner
rod 53 undergoes resistance as it engages the sprocket 56 during actuation, thereby
generating backpressure on the stopper 55 and the seal member 102. The
circumferential expansion of the seal member 102 provides a tightened seal between
the outer surface of the seal member 102 and the inner wall of the pretensioner tube 52.
Accordingly, the seal member 102 of the present invention is operable to retain a high
seal pressure as well as maintain residual gas pressure within the tube 52.

[0076] During pretensioning of the seatbelt there can be a side-effect known as
payback, where the tension on the seatbelt caused by the occupant during an event
triggering pretensioning can rotate the spool in a direction opposite the pretensioning
rotation. This rotation is transferred to the sprocket 56 and the driving elements,
causing the driving elements to travel in the reverse direction within the tube 52.
Payback can be counteracted by maintaining pressure in the tube 52, but this requires
the gas generator 36 to fire for a longer period and additional propellant.

[0077] However, in an exemplary embodiment, the pretensioner system 44
described herein includes features configured to counteract the above described
payback side-effect as an alternative to or in addition to maintained gas pressure. As
described above, the pretensioner rod 53 is preferably made of a plastically deformable
material, such as a polymer.

[0078] During actuation of the pretensioner system 44, the pretensioner rod 53
exits the tube 52 and contacts the vanes 84 of the sprocket 56, causing the sprocket 56
to rotate. As the pretensioner rod 53 continues past the sprocket 56 causing it to rotate,
additional ones of vanes 84 will contact the side of the pretensioner rod 53, causing the

pretensioner rod 53 to be compressed and deformed plastically in the area of
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interference between the vanes 84 and the pretensioner rod 53. This compression will
also cause the pretensioner rod 53 to be compressed against the guide 90, creating a
press-fit configuration of the pretensioner rod 53 between the sprocket 56 and the guide
90.

[0079] Additionally, the pretensioner rod 53 and guide 90 may be made from
materials that will weld together at the end of the pretensioning stroke. For example,
the materials of the pretensioner rod 53 and guide 90 may be selected such that heat
generated from the friction between the pretensioner rod 53 and the guide 90 will cause
the pretensioner rod 53 and guide 90 to become welded together along an interface W
where the guide 90 and rod 53 contact each other. Once the pretensioner rod 53 and
guide 90 are welded together, the pretensioner rod 53 will become locked and
prevented or substantially limited from traveling back into the tube 52. The plastic
deformation of the pretensioner rod 53 caused by the vanes 84 will prevent or
substantially limit the sprocket 56 from rotating in the opposite direction, thereby
preventing or substantially limiting payback.

[0080] The welding results from the relatively high heat and pressure generated
by the system during actuation. For the pretensioner rod 53 and guide 90 to weld, the
materials used for each are preferably in the same family. For example, if the guide 90
is nylon, then the pretensioner rod 53 is preferably nylon. Similarly, if the guide 90 is
acetal, then the pretensioner rod 53 is preferably acetal. If the guide 90 is
polypropylene, then the pretensioner rod 53 is polypropylene. It will be appreciated that
other materials that will weld together under high heat and pressure could also be used.
Moreover, it will be appreciated that some different types of materials can weld together.
[0081] Another side-effect that can occur during pretensioning is known as a low-
resistance condition. This can occur when there is a relatively large portion of the

seatbelt webbing that can be taken up or wound by the spool in response to actuating
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the pretensioner. For example, if there was extra slack in the seatbelt, this slack would
be taken up and wound with lower resistance because it would not be acting on the
occupant until the slack was taken up. In a low resistance condition, the backpressure
of the driving elements is reduced. Reduced backpressure can result in a reduced
ability of the sealing element to expand circumferentially against the inner wall surface
of the tube in response to the backpressure. This can occur for any type of piston or
seal that is configured to expand circumferentially in response to backpressure as part
of its sealing process.

[0082] With reference to Figures 4, 15, and 17-19, to address the side-effect of a
low-resistance condition of the pretensioner system 44, in an exemplary embodiment,
the tube 52 includes the projection 120 as briefly discussed above. The projection 120
extends within the tube 52 near an end of the tube 52 to form a constriction portion 130
proximate to where the pretensioner rod 53 exits, thereby reducing the cross-sectional
area of the tube 52 in a distinct location. That is, the opening diameter, width, or
dimension(s) of the constriction portion 130 is smaller than the diameter, width, or
dimension(s) of adjacent portions of the tube 52 portions, such as, for example, the
portions of the tube 52 that are upstream from the constriction portion 130.

[0083] As will be discussed in further detail below, the recess 210 is aligned with
the projection 120 along the actuating direction or path A such that during actuation
(e.g., pretensioning), the recessed portion 208 of the pretensioner rod 53 is not
obstructed by the projection 120. Moreover, the constriction portion 130 is sized such
that there is enough space that at least the recessed portion 208 of the pretensioner rod
53 can travel past the constriction portion 130, but the stopper 55 and seal member 102
will be blocked from travelling past the constriction portion 130. When the stopper 55
and the seal member 102 are blocked from advancing past the constriction portion 130,

the constriction portion 130 provides additional backpressure. Accordingly, the seal
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member 102 will circumferentially or radially expand in response to this backpressure,
thereby providing an improved seal in low-resistance conditions. This improved sealing
will prevent or limit the potential for gas to escape from the tube in low-resistance
conditions.

[0084] The projection 120 defining the constriction portion 130 can be formed in a
variety of ways and have a variety of shapes while providing the above described
functionality. In one approach, shown in Figure 4 and 15, the projection 120 is in the
form of a crimp or bump 132 in the tube 52, such that the sidewall of the tube 52
maintains substantially the same thickness. The bump 132 is integrally formed with the
tube as a monolithic structure, at least in the area of the constriction portion 130. Put
another way, the bump 132 is not a separate component or material attached to the
tube 52. The bump 132 protrudes into the tube 52, and has a corresponding depression
on an outer surface of the tube 52. The bump 132 has a convex shape within the tube
52 and the depression has a corresponding concave shape facing opposite the convex
shape.

[0085] In another approach, shown in Figure 17, the projection 120 could be in
the form of an increased thickness portion 138 that is integral with the tube 52. This is
similar to the bump 132, but does not have a corresponding depression on outer surface
of the tube 52.

[0086] In another approach, shown in Figure 18, the projection 120 is in the form
a separate piece or crescent 136 that is attached to the tube 52 within the tube 52. The
crescent 136a, 136b, or 136¢c can be attached via welding, adhesive, mechanical
fasteners, or the like.

[0087] In another approach, shown in Figure 19, the projection 120 could be in
the form of a plate 140 that is inserted through an opening 142 formed in the sidewall of

the tube 52. The plate 140 is removably inserted through the opening 142 and secured
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to the tube 52 via known securement mechanisms. In another approach, the plate 140
can be fixedly secured after insertion through the opening 142. The use of the plate 140
allows for different shapes and sizes and materials to be easily selected and installed, if
desired.

[0088] In the above approaches, the projection 120 with the recess 210 of the
pretensioner rod 53 aligned therewith may be disposed along an outboard portion of the
tube 52 as illustrated in Figures 4 and 15. Advantageously, in an exemplary
embodiment, disposition of the projection 120 on the outboard portion of the tube 52
facilitates directing the distal end portion 204 of the pretensioner rod 53 away from the
outboard portion of the tube 52 into engagement with the vanes 84 of the sprocket 56,
thereby engaging the fully or solid side of the pretensioner rod 53 (e.g., sprocket 56
engaging side of the pretensioner rod 53 opposite the recess 210) during actuation.
This can help to lock the pretensioner rod 53 with the sprocket 56 to prevent or reduce
any translation of the pretensioner rod 53 in a direction opposite the actuating direction
or path A. Alternatively, the projection 120 with the recess 210 of the pretensioner rod
53 aligned therewith may be disposed along an inboard portion, or any other side
portion, of the tube 52.

[0089] As described above, the pretensioner rod 53 has the non-recessed portion
206 at its proximal end portion 202, where the non-recessed portion 206 has a larger
diameter or cross-sectional dimension(s) than the recessed portion 208. In one
approach, the non-recessed portion 206 has a diameter or cross-sectional dimension(s)
that is larger than the width or cross-sectional dimension(s) of the tube 52 at the
constriction portion 130. Accordingly, with the non-recessed portion 206 disposed
upstream of the constriction portion 130, the constriction portion 130 may prevent the

non-recessed portion 206 from passing.
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[0090] In another approach, the non-recessed portion 206 can be smaller than
the width or cross-sectional dimension(s) of the tube 52 at the constriction portion 130.
With the non-recessed portion 206 being small enough to pass the constriction potion
130, it can pass beyond the constriction portion 130.

[0091] Referring to Figures 4, 12, and 20-22C, in an exemplary embodiment, the
pretensioner rod 53 includes a recessed section 250 to further facilitate bending and
preventing or minimizing twisting of the pretensioner rod 53 of the pretensioner rod 53
through the tube 52 during translation towards the sprocket 56. In particular, on a side
opposite the recess 210 of the pretensioner rod, is the recessed section 250 that
defines a recess 252 and that extends in the longitudinal direction 200. In an exemplary
embodiment, the cross-section of the pretensioner tube 52 varies along its length to
define a non-recessed section 254 at the distal end portion 204 and the recessed
section 250 extends from the non-recessed section 254 to, for example, a proximal-
most end of the proximal end portion 202 to define the recess 252. As such, the
recessed section 250 extends along the majority of the overall length of the pretensioner
rod 53. In an exemplary embodiment, it has been found that by not extending the
recess 252 through the distal end portion 204, the distal end portion 204 has a relatively
larger or fuller cross-sectional area for engaging the sprocket 56 during translation,
thereby reducing the amount of stripping of the pretensioner rod 53 which can occur at
first contact with the sprocket 56, thereby increasing performance of the pretensioner
system 44. Moreover, it has been found that by not having the recess/groove 210
extend through the proximal end portion 202, the proximal end portion 202 has a
relatively larger or fuller cross-sectional area for the stopper 55 to contact to reduce the
amount of initial compression on the pretensioner rod 53 during actuation of the gas

generator 36, thereby increasing performance of the pretensioner system 44.
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[0092] In an exemplary embodiment, the recessed section 250 is sized such that
a thickness of the pretensioner rod 53 defined normal to the recessed section 250 is
less than a width of the pretensioning rod defined normal to the thickness to facilitate
bending and/or preventing, reducing, or minimizing twisting of the pretensioner rod 53
through the pretensioner tube 52 during translation to the sprocket 56. Without being
limited by theory, it is believed that the recessed section 250 helps reduce the section
modulus across the thickness 256 of the pretensioner rod 53 to allow the pretensioner
rod 53 to bend more easily across its thickness 256. Further, it is believed that this
reduction in section modulus, via reducing the thickness of the rod 53 without reducing
its width, helps prevent twisting of the pretensioner rod 53 and reduce friction as the rod
53 is being advanced through the pretensioner tube 52 during translation, thereby
increasing performance of the pretensioner system 44. Moreover, the recessed section
250 facilitates insertion of the pretensioner rod 53 into the pretensioner system 44
during assembly due to its reduced cross-sectional area. In an exemplary embodiment,
the non-recessed section 254 has a length L10 of from about 15 to about 25 mm, such
as about 20 mm:; the recessed section 250 has a length L20 of from about 60 to about
145 mm; the thickness of the pretensioner rod 53 is, for example at the proximal end
portion 202, from about 2.5 to about 7 mm; and the width of the pretensioner rod 53 is,
for example at the proximal end portion 202, from about 4 to about 8 mm.

[0093] In an exemplary embodiment, when the pretensioner rod 53 is disposed
outside of the pretensioner tube 52, the recessed section 250 has a substantially flat,
planar surface defining the recess 252. In another example, the recessed section 250
has a recessed ruled surface that defines the recess 252. Non-limiting alternative forms
of the recess 252 may also be used.

[0094] Referring to Figures 4 and 13-14, in an exemplary embodiment and as

discussed above, during assembly of the pretensioner system 44, the pretensioner rod
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53 is inserted into the tube 52 along direction A. As the distal end portion 204 of the
pretensioner rod 53 advances through the tube 52, the distal end portion 204 contacts
the projection 120 near the exit 89 of the tube 52. The chamfer 206a at the distal end
portion 204 helps the pretensioner rod 53 to easily advanced over the proximal sidewall
249 of the projection 120 to allow the retention feature 210 to releasably engage the
projection 120 to retain and/or position the pretensioner rod 53 in the tube 52. In
particular, the chamfer 206a helps reduce the force required to advance the
pretensioner rod 53 by allowing the distal-most end of the distal end portion 204 to glide
over and/or past the projection 120 so as to minimize or prevent the pretensioner rod 53
from being obstructed by the projection 120. As illustrated, the negative feature 213
receives the projection 120. During pretensioning in response to actuation by the gas
generator 36, force is applied to the pretensioner rod 53 and the retention feature 211
releases, flexes, and/or passes over the projection 120 to allow the pretensioner rod 53
to advance towards the sprocket 56 as discussed above.

[0095] As a person skilled in the art will readily appreciate, the above description
is meant as an illustration of the implementation of the principles of this invention. This
description is not intended to limit the scope or application of this invention in that the
invention is susceptible to modification, variation, and change, without departing from

the spirit of this invention as defined in the following claims.
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CLAIMS

1. A seatbelt pretensioning retractor assembly for use in a passenger vehicle, the
seatbelt pretensioning retractor assembly comprising:

a housing adapted for being mounted to a vehicle structure and having an interior
cavity;

a tube having an arcuate and curved shape having a first end for fluid
communication with a gas generator and a second end in fluid communication with the
interior cavity of the housing;

a sprocket rotatably mounted to the housing and fixedly coupled to a spindle
adapted for taking up seatbelt webbing during pretensioning;

a driving element comprising a polymer rod having a proximal end portion that is
disposed towards the gas generator and a distal end portion that is opposite the
proximal end portion, and is configured to extend in a longitudinal direction from the
proximal end portion to the distal end portion, wherein the polymer rod is disposed
within the tube and is translatable through the tube in a first direction toward the
sprocket in response to an actuation by the gas generator;

a stopper coupled to the proximal end portion of the polymer rod; and

a seal member disposed between the gas generator and the stopper, wherein the
tube includes a projection extending within the tube adjacent to an exit at the second
end to define a constriction portion that has an opening dimension smaller than an
inside dimension of adjacent portions of the tube to restrict the stopper from passing the
constriction portion, and wherein the polymer rod has a retention feature that is
disposed at or proximate the distal end portion, the retention feature being configured to
engage the projection to retain the polymer rod in the tube prior to the actuation by the
gas generator and being configured to release from the projection in response to the

actuation by the gas generator.
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2. The seatbelt pretensioning retractor assembly of claim 1, wherein the polymer
rod has a recessed portion defining a recess that extends generally in the longitudinal
direction, wherein the recess is aligned with the projection in the first direction and the
constriction portion is sized to permit the recessed portion of the polymer rod to pass the
constriction portion while restricting the stopper from passing the constriction portion,

and wherein the retention feature is disposed in the recessed portion.

3. The seatbelt pretensioning retractor assembly of claim 1, wherein the distal end
portion of the polymer rod has a distal-most end portion and the recessed portion

extends to the distal-most end portion.

4. The seatbelt pretensioning retractor assembly of claim 1, wherein the distal end
portion of the polymer rod has a distal-most end portion and includes at least one
chamfer that tapers inwardly along a length of the distal-most end portion in the first

direction.

. The seatbelt pretensioning retractor assembly of claim 4, wherein the at least one
chamfer includes a first chamfer that is disposed on a same side of the polymer rod as

the recess.

6. The seatbelt pretensioning retractor assembly of claim 5, wherein the at least one

chamfer includes a second chamfer that is disposed on a side of the polymer rod

opposite the first chamfer.
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7. The seatbelt pretensioning retractor assembly of claim 1, wherein the retention
feature is configured as a negative feature that is formed into the polymer rod for

receiving the projection.

8. The seatbelt pretensioning retractor assembly of claim 7, wherein the negative

feature is configured as a recess or hook that is formed into the polymer rod.

9. The seatbelt pretensioning retractor assembly of claim 1, wherein the distal end
portion of the polymer rod has a distal-most end, and wherein the retention feature is

spaced apart from the distal-most end of the polymer rod.

10. The seatbelt pretensioning retractor assembly of claim 1, wherein the polymer
rod has a recessed section extending in the longitudinal direction on a side opposite the
recessed portion, wherein the recessed section is sized such that a thickness of the
polymer rod defined normal to the recessed section is less than a width of the polymer
rod defined normal to the thickness to facilitate bending of the polymer rod in directions

substantially normal to the recessed section during translation in the first direction.

11.  The seatbelt pretensioning retractor assembly of claim 1, wherein the polymer
rod has a positive feature extending generally in the longitudinal direction and the
stopper has a negative feature that receives the positive feature to fixedly couple the

stopper to the polymer rod.

12.  The seatbelt pretensioning retractor assembly of claim 11, wherein the positive
feature has one or more ribs extending therefrom to facilitate retaining the stopper to the

polymer rod.
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13.  The seatbelt pretensioning retractor assembly of claim 2, wherein the recessed
portion of the polymer rod has a proximal end section that is adjacent to the stopper and
that includes a chamfered end wall that flares outwardly along a length of the proximal
end section in a direction towards the stopper for engagement with the projection during

pretensioning.

14.  The seatbelt pretensioning retractor assembly of claim 1, wherein the projection

and the recess are located along an outboard portion of the tube.

15.  The seatbelt pretensioning retractor assembly of claim 1, wherein the proximal
end portion of the polymer rod has a first outer perimeter and the stopper abuts the
proximal end portion and has a second outer perimeter that substantially matches the

first outer perimeter.

16. A seatbelt pretensioning retractor assembly for use in a passenger vehicle, the
seatbelt pretensioning retractor assembly comprising:

a housing adapted for being mounted to a vehicle structure and having an interior
cavity;

a tube having an arcuate and curved shape having a first end for fluid
communication with a gas generator and a second end in fluid communication with the
interior cavity of the housing;

a sprocket rotatably mounted to the housing and fixedly coupled to a spindle
adapted for taking up seatbelt webbing during pretensioning;

a driving element comprising a polymer rod having a proximal end portion that is
disposed towards the gas generator and a distal end portion that is opposite the

proximal end portion, and is configured to extend in a longitudinal direction from the
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proximal end portion to the distal end portion, wherein the polymer rod has a recessed
portion defining a recess that extends generally in the longitudinal direction, and
wherein the polymer rod is disposed within the tube and is translatable through the tube
in a first direction toward the sprocket in response to an actuation by the gas generator;

a stopper coupled to the proximal end portion of the polymer rod; and

a seal member disposed between the gas generator and the stopper, wherein the
tube includes a projection extending within the tube adjacent to an exit at the second
end to define a constriction portion that has an opening dimension smaller than an
inside dimension of adjacent portions of the tube, wherein the recess is aligned with the
projection in the first direction and the constriction portion is sized to permit the
recessed portion of the polymer rod to pass the constriction portion while restricting the
stopper from passing the constriction portion, and wherein the recessed portion of the
polymer rod has a proximal end section that is adjacent to the stopper and that includes
a chamfered end wall that flares outwardly along a length of the proximal end section in

a direction towards the stopper for engagement with the projection during pretensioning.

17.  The seatbelt pretensioning retractor assembly of claim 16, wherein the polymer
rod has a retention feature that is configured to engage the projection to retain the
polymer rod in the tube prior to the actuation by the gas generator and is configured to

release from the projection in response to the actuation by the gas generator.

18. A seatbelt pretensioning retractor assembly for use in a passenger vehicle, the
seatbelt pretensioning retractor assembly comprising:
a housing adapted for being mounted to a vehicle structure and having an interior

cavity;
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a tube having an arcuate and curved shape having a first end for fluid
communication with a gas generator and a second end in fluid communication with the
interior cavity of the housing;

a sprocket rotatably mounted to the housing and fixedly coupled to a spindle
adapted for taking up seatbelt webbing during pretensioning;

a driving element comprising a polymer rod having a proximal end portion that is
disposed towards the gas generator and a distal end portion that is opposite the
proximal end portion, and is configured to extend in a longitudinal direction from the
proximal end portion to the distal end portion, wherein the polymer rod has a recessed
portion defining a recess that extends generally in the longitudinal direction, and
wherein the polymer rod is disposed within the tube and is translatable through the tube
in a first direction toward the sprocket in response to an actuation by the gas generator;

a stopper coupled to the proximal end portion of the polymer rod; and

a seal member disposed between the gas generator and the stopper, wherein the
tube includes a projection extending within the tube adjacent to an exit at the second
end to define a constriction portion that has an opening dimension smaller than an
inside dimension of adjacent portions of the tube, wherein the recess is aligned with the
projection in the first direction and the constriction portion is sized to permit the
recessed portion of the polymer rod to pass the constriction portion while restricting the
stopper from passing the constriction portion, and wherein the distal end portion of the
polymer rod has a distal-most end portion that is adjacent to the exit and that includes at
least one chamfer that tapers inwardly along a length of the distal-most end portion in

the first direction.
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19.  The seatbelt pretensioning retractor assembly of claim 18, wherein the polymer
rod has a retention feature that is configured to engage the projection to retain the
polymer rod in the tube prior to the actuation by the gas generator and is configured to

release from the projection in response to the actuation by the gas generator.
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