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(54) Pretensioner

(57) A pretensioner for a vehicle safety restraint
comprising a piston (2), a cylinder (1) housing the piston
(2), a force reservoir (12), activatable when a crash is
sensed, to drive the piston (2) along the cylinder (1), a
resilient band (7) connected to the piston (2), and means
(7,8,9) for selectively connecting the band (7) to a re-
tractor spool under predetermined conditions.

The force reservoir (12) comprises a gas generator
(12) which may be pyrotechnically activated and has an
output in the cylinder (1) on one side of the piston (2) to
drive the piston (2) along the cylinder (1) pulling the band
(7) and engaging the connecting means (7,8,9) to turn
the retractor spool and shorten the belt webbing.
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Description

[0001] The present invention relates to a pretensioner
and particularly to a pretensioner for a vehicle safety re-
straint mechanism such as a seat belt.
[0002] Traditionally a seat belt safety restraint com-
prises a length of belt webbing connected at both ends
to load bearing parts of a vehicle, and arranged to pass
across a lap, and also diagonally across a torso, of a
vehicle occupant. It is selectively fastened across the
occupant by means of a buckle mechanism engaging a
buckle tongue slidably attached to the webbing.
[0003] To increase comfort for the restrainee, a retrac-
tor is fitted at one end of the webbing. This allows the
webbing to pay out under relatively low loads to enable
limited movement of the restrained occupant, for exam-
ple to reach in-car entertainment controls or storage
compartments. The retractor is biased to keep the web-
bing relatively taut about the occupant and a locking el-
ement is included to lock the retractor against webbing
payout in the event of a dangerous situation being de-
tected. For example, an acceleration sensor may acti-
vate if the vehicle undergoes rapid acceleration or de-
celeration indicative of a crash.
[0004] The retractor usually comprises a rotatable
spool onto which the webbing is wound biased by a
clock spring.
[0005] In recent years, pretensioners have been in-
troduced to rapidly pull in a length of webbing to actively
tighten the belt about the vehicle occupant in the event
of a crash condition being sensed. This takes up any
slack which may have developed in the belt and helps
to more correctly position the occupant in the seat to
maximise the effect of the belt protection and of any sec-
ondary safety restraint such as an air bag.
[0006] Pretensioners comprise a force reservoir such
as a pyrotechnically operated gas generator which
drives a piston guided inside a cylinder, pulling a cable
which rotates the spool and winds in a few coils of web-
bing before the spool locks and secures the vehicle oc-
cupant.
[0007] Known such retractor pretensioners are bulky,
costly and comprise many parts. They are single oper-
ation devices and are prone to jam the restraint locked
when fired so that they cannot operate a second time
and can thus be dangerous if a vehicle is involved in a
second impact.
[0008] It is an object of the invention to provide an im-
proved pretensioner mechanism.
[0009] Pretensioners can be constructed according to
the invention which have reduced or eliminated jam-
ming, smaller package sizes and which function as or
close to normal again even after the pyrotechnic device
has fired.
[0010] According to the present invention there is pro-
vided a pretensioner for a vehicle safety restraint com-
prising:

a piston;
a cylinder housing the piston;
a force reservoir, activatable when a crash is
sensed, to drive the piston along the cylinder;
a resilient band connected to the piston;
means for selectively connecting the band to a re-
tractor spool under a predetermined condition.

[0011] For example the engagement will be arranged
to occur when a crash is sensed as a result of (acceler-
ation or deceleration exceeding a predetermined
threshold.
[0012] According to a preferred embodiment the force
reservoir comprises a gas generator which may be py-
rotechnically activated. The gas generator has an output
inside the cylinder on one side of the piston to drive the
piston along the cylinder pulling the band, engaging the
connecting means and turning the retractor spool to
shorten the belt webbing.
[0013] According to one embodiment the band has in-
dexing holes or slots punched or cut along at least a part
of its length at intervals corresponding to the spacing of
teeth on an outer periphery of a drive wheel attached to
the spool. As the band is pulled by the piston it tightens
around the drive wheel and the indexing holes engage
the teeth, turning the drive wheel and thus the spool and
pulling in the webbing to secure the occupant.
[0014] Preferably the band is made of steel and it is
stored compactly as a coil in a housing adjacent the cyl-
inder. The band is routed around the inside perimeter
wall of the housing, adjacent to, but distanced from, the
teeth on the drive wheel connected to the spool. The
natural spring tendency of the steel band will tend to
push it against the inner wall of the housing away from
the teeth. Thus after pretensioning forces have dissipat-
ed the band will naturally spring back away from the
drive wheel, releasing the spool to rotate freely again.
This is in contrast to traditional pretensioners which tend
to remain locked after pretensioning.
[0015] A return spring may be located at or towards
the end of the cylinder to push the piston back at the
end of the pretensioning stroke.
[0016] Advantageously the piston comprises two pis-
ton members connected by a resilient assembly such
as a coil spring. The piston member which is closest to
the far end of the cylinder fits more snugly in the cylinder
than the second piston, ie. it seals against the inside
wall of the cylinder more effectively and slides less eas-
ily. During pretensioning both pistons move together
along the cylinder pulling the band and rotating the
spool. After pretensioning the gas dissipates and the
piston moves back down the cylinder. The compression
spring between the two pistons forces them apart and
this moves the band back to the initial position where it
is disengaged from the spool.
[0017] The cylinder is preferably sealed at one end
around the band.
[0018] For a better understanding of the present in-
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vention, and to show how the same may be carried into
effect, reference will now be made, by way of example,
to the accompanying drawings, in which:

Figure 1 is a schematic cross section of a preten-
sioner according to the present invention.

Figure 2 is a cross section of part of the pretensioner
of figure 1 before pretensioning.

Figure 3 is a cross section of part of the pretensioner
of figure 1 immediately after pretensioning.

Figure 4 is an enlarged perspective view of part of
figure 1.

[0019] In figure 1 a pretensioner cylinder or tube 1 is
shown containing a piston 2 connected to a spring steel
band 3. The pretensioner tube 1 may have a circular,
square or any other cross-sectional shape and the pis-
ton 2 will have the same cross-section to fit snugly in
the tube 1. The tube 1 may be straight as shown or have
a circular or U shape as is convenient for the retractor
package. The tube 1 is mounted to a plastic housing 4
which has a broad hollow chamber 5 in which the steel
band 3 is stored in a coil 6.
[0020] The band 3 normally passes adjacent the in-
side wall of the housing 4 as shown by the solid line 7,
through a guide section 21 at the top and to the coil 6
around a drive wheel 8. The drive wheel 8 is connected
to a retractor spool (not shown) and is free to rotate until
the pretensioner is fired. The drive wheel 8 has outward-
ly pointing teeth 9.
[0021] A return spring 10 is located at one end of the
tube 1 and a gas tight seal 11 at the other.
[0022] The piston 1 as shown has an integral gas gen-
erator 12 fired by a pyrotechnic initiator connected to a
source of electricity 13 by wires 14. The gas generator
may be separate with an output facing into the tube 1
on the side of the piston 2 connected to the band 3.
[0023] In figures 2 and 3 the piston 1 is shown in more
detail. A lower piston part 15 is connected to the band
3, for example by being moulded around an end of the
band. The lower piston part 15 has a narrow extension
section 16 which passes through a hole in the middle of
an upper piston part 17. A coil spring 19 fits around the
extension section 16 and biases the upper and lower
parts away from each other.
[0024] When the pretensioner fires, gas 18 fills the
tube 1 between the seal 11 and the lower piston part 15,
moving the piston assembly along the tube 1 as shown
in figure 3 and at 22 in figure 1. Movement of piston 2
to position 22 pulls the band 3 and tightens it around the
drive wheel 21 as shown by the dotted line 23 tending
to compress the spring 19 because the upper piston part
17 is a tighter fit in the tube 1 than the lower piston part
15. Subsequently the gas pressure reduces and the pis-
ton assembly moves back towards the position shown

in figure 2 under action of the resilience of the steel band
3 and the coil spring 19. The upper and lower piston
parts are pushed apart by the spring 19 and the band 3
disengages from the drive wheel 8 allowing the spool to
rotate freely again.
[0025] Figure 4 is an enlarged perspective view of part
of the band 3 showing spaced slots 20 which engage
with the teeth 9 of the drive wheel 8. The teeth are ad-
vantageously saw tooth shapes as shown to facilitate
release of the band after pretensioning. The band may
typically be 10-15 mm wide.
[0026] The pretensioner of the invention provides an
improved packaging capability since the steel band can
be coiled very small. It also tends to have fewer parts
and is cheaper to manufacture. Also, a lower power gas
generator is needed than in some traditional pretension-
ers such as those known in the field as rack and pinion
or ball type arrangements, because the energy required
to move the steel band is relatively low.

Claims

1. A pretensioner for a vehicle safety restraint com-
prising:

a piston;
a cylinder housing the piston;
a force reservoir, activatable when a crash is
sensed, to drive the piston along the cylinder;
a resilient band connected to the piston; and
means for selectively connecting the band to a
retractor spool under a predetermined condi-
tion.

2. A pretensioner according to claim 1 wherein the
force reservoir comprises a gas generator which is
pyrotechnically activated.

3. A pretensioner according to claim 2 wherein the gas
generator has an output in the cylinder on one side
of the piston to drive the piston along the cylinder
to pull the band into engagement with the connect-
ing means to turn the retractor spool.

4. A pretensioner according to any one of the preced-
ing claims wherein the connecting means compris-
es at least one indexing hole in the band and a
toothed drive wheel attached to the spool to engage
the indexing holes.

5. A pretensioner according to claim 4 comprising a
plurality of indexing holes spaced along the band at
intervals corresponding to the spacing of teeth on
the outer periphery.

6. A pretensioner according to any one of the preced-
ing claims wherein the band is made of steel.
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7. A pretensioner according to any one of the preced-
ing claims wherein the band is stored as a coil in
the housing.

8. A pretensioner according to any one of the preced-
ing claims comprising a return spring located at or
towards the end of the cylinder to push the piston
back down the cylinder at the end of a pretensioning
stroke.

9. A pretensioner according to any one of the preced-
ing claims wherein the piston comprises a first pis-
ton member connected to the band and a second
piston member separated from the first member by
a resilient assembly.

10. A pretensioner according to claim 9 wherein the re-
silient assembly is a coil spring.

11. A pretensioner according to claim 9 or 10 wherein
the second piston member fits more snugly in the
cylinder than the second piston member.

12. A pretensioner according to any one of the preced-
ing claims wherein the cylinder is sealed at one end
around the band.

13. A pretensioner according to any one of the preced-
ing claims wherein the predetermined condition
comprises the vehicle extending a predetermined
acceleration or deceleration threshold.

Amended claims in accordance with Rule 86(2) EPC.

1. A pretensioner for a vehicle safety restraint com-
prising:

a piston;
a cylinder housing the piston;
a force reservoir, activatable when a crash is
sensed, to drive the piston along the cylinder;
a resilient band connected to the piston; and
means for selectively connecting the band to a
retractor spool under a predetermined condi-
tion

wherein the force reservoir comprises a gas
generator which has an output in the cylinder on one
side of the piston to drive the piston along the cyl-
inder to pull the band into engagement with the con-
necting means to turn the retractor spool.

2. A pretensioner according to claim 1 wherein the
gas generator is pyrotechnically activated.

3. A pretensioner according to any one of the pre-
ceding claims wherein the connecting means com-

prises at least one indexing hole in the band and a
toothed drive wheel attached to the spool to engage
the indexing holes.

4. A pretensioner according to claim 3 comprising
a plurality of indexing holes spaced along the band
at intervals corresponding to the spacing of teeth on
the outer periphery.

5. A pretensioner according to any one of the pre-
ceding claims wherein the band is made of steel.

6. A pretensioner according to any one of the pre-
ceding claims wherein the band is stored as a coil
in the housing.

7. A pretensioner according to any one of the pre-
ceding claims comprising a return spring located at
or towards the end of the cylinder to push the piston
back down the cylinder at the end of a pretensioning
stroke.

8. A pretensioner according to any one of the pre-
ceding claims wherein the piston comprises a first
piston member connected to the band and a second
piston member separated from the first member by
a resilient assembly.

9. A pretensioner according to claim 8 wherein the
resilient assembly is a coil spring.

10. A pretensioner according to claim 8 or 9 wherein
the second piston member fits more snugly in the
cylinder than the second piston member.

11. A pretensioner according to any one of the pre-
ceding claims wherein the cylinder is sealed at one
end around the band.

12. A pretensioner according to any one of the pre-
ceding claims wherein the predetermined condition
comprises the vehicle extending a predetermined
acceleration or deceleration threshold.
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