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AIRCRAFT OCCUPANT RESTRAINT PRETENSIONING DEVICES,
SYSTEMS AND METHODS

CROSS-REFERENCE TO RELATED APPLICATION(S)

(00381} This application claims the benefit of UG, Provisional Patent Application No.
61/913,872, filed December 9, 2013, which is incorporated by reference herein in its

antirety.

TECHNICAL FIELD

10602} The following disclosure relates generally to aircraft occupant restraint
systems, and more particularly 1o aircraft occupant restraint systems having pretensioning

devices and associated systems and methods.

BACKGROUND

[00383] Commercial aircraft seats typically include two-point restraint systems to
secure occupants.  Unlike three- and four- point restraints, conventional two-point
restraints may not restrict forward movement of the occupant's head toward a forward
structure. Several conventional iwo-point resirainis seek o address this problem, such as
by use of webbing with low-elongation properties. However, low-elongation webbing only
limits head excursion a small amount and can cause high contact loading over a short time
pericd {e.g., immediale deceleration of the occupant against the webbing). Another
conventional restraint system that seeks to imit head excursion is a "Y-belt restraint.™ AY-
belt restraint utilizes an additional attachment element that raises the height of the seatbelt
on the occupant's torso and consequently raises the rotation point of the occupant about
the seatbelt. Y-belt restraints, however, may alsc have disadvantages. First, the
additional attachment element requires additional attachment points on the seat struciure
and additional reinforcement elements o support the additional attachment points. This
additional structure increases seat weight and complexity. Second, Y-beit resiraints are
generally uncomforiable for the occupant. Third, the Y-belt restraint can position the belt

at a location that is up and away from the pelvic region of the occupant. Buring a dynamic
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event {e.g., a rapid deceleration and/or acceleration, collisions, impacts, etc.) the
occupant's body is loaded and point-restrained at the belt contact area which is misaligned
with the protective skeletal structure of the pelvic region.

BRIEF DESCRIPTION OF THE DRAWINGS

{0004} Figure 1A is a partiaily schematic front perspective view of an occupant
restraint system configured in accordance with an embodiment of the present technology,
and Figure 1B is a partially schematic side view of the occupant restraint system of Figure
1A,

10005 Figures 2A and 2B are side and top views, respectively, illustrating a reduction
in head path excursion during a dynamic event with an occupant restraint system

configured in accordance with the present technology.

(0006} Figure 3A is a partislly-schematic side view of a pretensioner suitable for use
with an occupant restraint system configured in accordance with an embodiment of the
present technology, and Figure 3B is a partially schematic cross-sections! side view of the
pretensioner of Figure 3A.

{00067} Figure 4 is an isolated side view of another pretensioner suitable for use with
an gcoupant restraint system configured in accordance with an embodiment of the present

technology.

(0608} Figure 5 is a front view of an occupant restraint sysiem configured in
accordance with another embodiment of the present technology.

DETAILED DESCRIPTION

[0009] The present disclosure describes various embodiments of aircraft occupant
restraint systems having pretensioning systems.  Although embodiments of the present
technology are described herein in the context of airplane occupant restraint systems {e.g.,
commercial airline occupant restraint systems), those of ordinary skill in the art will
understand that the various apparatuses, systems and methods described herein can aiso

be used in other types of vehicles, such as other types of aircralt (e.g., helicopters, efc.).
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Accordingly, aspects and embodiments of the present disclosure are not limited o use in
airplanes. In the following description, numerous specific details are discussed 1o provide
a thorough and enabling description for embodiments of the technology. One skilled in the
relevant art, however, will recognize that the disclosure can be practiced without one or
more of the specific details. in other instances, well-known structures or operations often
associated with occupant restraint systems are not shown, or are not described in detail, to
avoid obscuring aspects of the lechnology. In general, alternatives and alternate
embodiments described herein are substantially similar o the previously described

embodiments, and common elaments are identified by the same reference numbers.

i Selecied Embodiments of Occupant Restraint Systems

10010] Figure 1A is a partially-schematic front perspective view of an occupant
restraint system 10 {("restraint system 10" having a pretensioner 100 configured in
accordance with an embodiment of the present technology. In the llustrated embodiment,
the restraint systemn 10 secures an occupant 14 (see Figure 1B) to a seat 12 in an
aircraft 16, The restraint system 10 can include a restraint 130 and a sensor
assembly 170 {shown schematically}, both operably coupled o the prelensioner 100, As
described in greater detall below, the sensor assembiy 170 is configured to control
activation of the pratensioner 100 to automatically adjust the tension of the restraint 130 in
response o a predetermined dynamic event and/or force {e.g., rapid decelerations and/or

accelerations, collisions, impacts, accident events, etc.}).

(0011} in the Hdiustrated embodiment, the restraint 130 includes a web or bell 132
configured o extend across the occupant's lap. As used herein, a "web” can include any
type of flexible sirap or belt, such as a seat bell made from woven maternial {e.g., woven
nyton} as is known in the art for use with personal restraint systems. The web 132 can
include flexible segments of a fixed length and/or adjustable length to accommodate
different sized occupants. For example, in the #lustraled embodiment, the web 132
includes a first web portion 133 and & second web portion 135. The distal ends of the first
and second web portions 133, 135 can be releasably coupled {ogether by a coupler 134
{e.g., & "lift-latch” buckle, a "press-release” buckle, elc.}. A proximal end of the first web

3



WO 2015/089098 PCT/US2014/069384

portion 133 can be coupled o the pretensioner 100, and a proximal end of the second web
portion 135 can be coupled to an anchor point on the aircraft 16 {(or a structure thereof) at
a location that is opposite the side of the seal 12 where the pretensioner 100 is positioned.
in the illustrated embodiment, for example, the proximal end of the second web
portion 135 is coupled to a web relractor 160 {g.g., an inertial reel} fixed o the seat 12
andior to an anchor point on the aircraft 16. The web refractor 160 is configured to
automatically adjust the fit of the web 132 in response to movement of the occupant 14
and/or the aircraft 16 in a conventional manner. In other embodimenis, the proximal end
of the second web portion 135 can be fixed directly to the seat 12 or associated structure
{e.g., the seat frame} and/or the web 132 can be manually adjustable, static, efc. Although
only one pretensioner 100 is shown in Figure 14, in other embodiments the restraint
system 10 can include two pretensioners 100, For example, in some embodiments, the
restraint system 10 can include a first pretensioner coupled to the first web portion 133 and

a second pretensioner coupled to the second web portion 135.

(0012} Figure 1B is an enlarged side view of a porlion of the occupant restraint
system 10. Referring to Figures 1A and 1B togsther, the pretensioner 100 can include a
housing 104 and a connecting member, such as a cable 106, extending through at least a
portion of the housing 104. in the illusirated embodiment, the cable 106 has a first cable
portion 111 extending within the housing 104 (described in greater detall below with
reference to Figures 3A and 3B), and z second cable portion 109 extending from the
housing 104 and coupled fo the web 132 vig, e.g., a connector 147, The pretensioner 100
can further include an activator 102 coupled to or integral with the housing 104. The
activator 102 can be electrically connected or coupled to the sensor assembly 170 via an
eleclrical link 172 {e.g., a wire, an eleclrical line, an electrical connector, wireless

connection, efc.).

10613} The sensor assembly 170 can include one or more sensors 174 (e.g.,
acceleration sensors, acceleromelers, elc) configured (o sense acceleration andior
deceleration events sbove a presel magnitude {(e.q., above 9 g's, where “g" refers to
gravitational force or “g-force”) in one or more directions and send associated conitrol

signals to the pretensioner 100 via the link 172. For example, the sensor assembly 170
.
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can include at least one acceleration sensor configured to sense vehicle acceleratlions in
the vertical direction along a Z axis and one or more additional sensors configured to
sanse accelerations in the fore and aft directions along a X axis and/or laterally along a Y
axis. In other embodiments, the sensor assembly 170 can include different sensor
arrangemenis features and/or have a different number of acceleration and/or deceleration
sensors. Other suitable sensor assembiies for use with the ccocupant restraint system 10,
for example, can be found in, for example, U.S. Patent No. 8,303,043, which is
incorporated herein by reference in its entirety.

10014} in the illusirated embodiment, the pretensioner 100 is configured to be
attached fo the seal 12 (e.g., & seal frame 18) and/or the aircraft 16, In some
embodiments, the pretensioner 100 can take the place of a traditional seatbelt mount and
can be mounted at or near a traditional seatbelt mounting location. For example, in some
embodiments, the pretensioner 100 can be gtiached o a frame 18 (Figure 18) of the
seat 12 with one or more bolts or other fastening devices configured to withstand the static
and dynamic load requirements applicable to aircreft and/or aircraft seats {(eg.,
commercial aircraft and/or commercial aircraft seats). The seat 12 can be mounted o a
floor 17 of the aircraft 16 {e.g., the fioor of a passenger cabin). In the iHlusirated
embodiment, the seat 12 defines a horizontal {or generally horizonial) seat axis H that
extends parallel {or generally paraliel} to the ficor 17, Additionally, the second cable
portion 109 is configured o be aligned with and extend along a tensioning axis T when the
web 132 is properly installed {e.g., buckied} around the occupant 14. In the illustrated
embodiment, the prelensioner housing 104 is coupled o a side portion of the seat
frame 18 {Figure 1B) such that the tensioning axis T at the second cable portion 109 and
the horizontal axis H of the seat 12 define a tensioning angle 8 therebetwesn. In some
embodiments, the tensioning angle 8 can be between about 10 degrees and
about 50 degrees. For example, the tensioning angle 8 can be between aboutl 20 degrees
and about 45 degrees, or between about 30 degrees and about 40 degrees. In a particular
embodiment, the tensioning angle 8 can be 35 degrees or about 35 degrees when the
web 132 is properly installed around the occupant 14. For example, the tensioning angle 8
can be configured (o be as close to 35 degrees as possible without being less than 35

~
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degrees. In these embodiments, the occupant 14 can be representied by, for example,
a 50th percentiie anthropomorphic test device (ATD). During a dynamic event above a
preset magnitude {e.q., rapid deceleralions and/or accelerations, collisions, impacts, etc.),
the sensor assembly 170 activates the pretensioner 100, causing the cable 106 o retract
and pull the web 132 in a direction A at the tensioning angle 8. A tensioning angle © of,
e.g., about 35 degrees can reduce head path excursion by causing the web 132 to puli the
occupant backwards in the seal. In the llustrated embodiment, the pretensioner housing
104 can be coupled to the side portion of the seat frame 18 at an angle of, for example,
about 80 degrees below the horizontal axis H.  In other embodiments, the prelensioner

housing 104 can be coupled to the side portion of the seal frame 18 at other angles.

[0015] Figures 2A and 2B are side and top views, respectively, of the occupant
rastraint system 10 during or immaeadiately after a dynamic event once the pretensioner 100
has been activated and tension is applied to the web 132. During a dynamic event, a
forward-most portion 11 of the occupant's head moves from an initial position Pg to a final,
forward-most position P4, The distance measured between Py to Py is known as the head
path excursion HE of the occupant 14.  Reducing head path excursion HE can be
gspecially important in commercial aircraft, as the distance belween rows of seats or the
distance from the seal to a2 forward partition may be small. The occupant restraint
system 10 of the present technology can reduce head path excursion HE during a dynamic
event {e.g., rapid decelerations and/or accelerations, collisions, impacts, efc.) by applying
tension o the web 132 (via the pretensioner 100) at a tensioning angle 8 of, e.g., less than
45 degrees, such as 35 degrees or about 35 degrees.

10016} Although the pretensioner 100 of the lliustrated embodiments is shown fixed (o
a2 side portion of the seat 12, it will be appreciated that in some embodiments, the
pretensioner 100 can be positioned at different locations in the aircraft 16, such as at a
rear portion of the seat 12, so long as the tensioning angle 8 is maintained as described

above.
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i Selacted Embodiments of Pretensioners

10017} Figures 3A and 3B are partialiy-schematic side and cross-sectional side views,
respectively, of the pretensioner 100 before instaliation on the aircraft seat 12. Referring
to Figures 3A-3B together, the housing 104 of the pretensioner 100 can include a bracket
or mount 108 and a generally lingar tube 105 extending from mount 108. The mount 108
can include opposing first and second sides 108a, 108b (only the interior portion of the first
side 108b shown in Figure 3B) and a pulley 114 {Figure 3B) rotatably supported between
the first and second sides 108a, 108b by a pin or shaft 115, In the lllustrated embodiment,
the fube 105 includes a cylindrical interior portion 103, and a2 piston 110 (Figure 3B) is
shidably positioned within the interior 103,

{0018} The cable 106 is operably coupled between the web 132 and the piston 110,
with the second cable poriion 108 being fixedly coupled to the web 132 via the
connector 107 and the first cabie portion 111 being fixedly coupled to the piston 110 within
the interior portion 103 of the housing 104. In this embodiment, a mid-portion of the
cable 106 can contact and curve around the pulley 114,

10018} The activator 102 can be a gas generaior 112 (shown schematically) fitted in &
socket 113 formed on the housing 104 in fluid communication with a portion 116 of the
tube interior 103, The gas generator 112 can be a pyrotechnic element {8.g., an initiator,
efc.) as is known in the art and can be activated by an electrical signal generated by the
sensor assembly 170 (Figure 3A) and communicated to the generator 112 by the link 172
in response o, e.g., a dynamic event above a preset magnitude.

10020} in operation, when the sensor(s) 174 of the sensor assembly 170 sense an
aircraft acceleration and/or deceleration above a presel magnitude, the sensor
assembly 170 sends a corresponding elecirical signal to the aclivator 102 via the link 172.
The activator 102 responds t© the signal by activating the gas generator 112, The
generator 112 then generates combustion gases which increase the pressure within a
portion 116 of the tube 105. As the pressure inside the tube 105 increases on one side of
the piston 110, it drives the piston 110 o the right (as indicated by arrow A} thereby pulling
the cable 106 into the housing 104. As the second cable portion 108 is refracted into the
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tube 105, it pulls the web 132 downwardly and aft at the tensioning angle 8, as described
above with reference to Figures 1A-2B. In one embodiment, the pretensioner 100 can be
configured [o retract up o 4 inches of the cable 106, In other embodiments, the
pretensioner 100 can be configured to retract other lengths of the cable 106. In some
embodiments, the sensor assembly 170 activates the pretensioner in less than 50
milliseconds {ms) after the start of the acceleration andfor deceleration event sensed by
the sensor assembly 170, For example, the pretensioner activation time ¢an be between
about 37 ms and about 47 ms, or about 42 ms. In some embodiments, the pretensioner
retraction time, or the time it takes for the prefensioner 100 o retract the presel length of
the cable 100 afler activation of the pretensioner 100 can be less than 15 ms.  For
axample, the pretensioner activation time can be between about 8 ms and about 12 ms, or
about 10 ms. The pretentionser timing described above can reduce occupant forward
excursion by fensioning the web 132 before the cccupant's body significantly loads the
web 132 due to his forward excursion. In these embodiments, significant belt loading by
the occupant’s body starts after the web 132 has already been retracted, for example,
about 4 incheas.

{0021} In some embodiments, the pretensioner 100 can be load-limiling.  In other
words, in some embodiments, the pretensioner 100 can be configured o stop retracting
the cable 106 {(and thus cease pulling on the web 132) when a tension load on the web
132 (exerted by the occupant) reaches a preset force magnitude. For example, in some
ambaodiments, the preset force can be between about 430 Ibs. and about 530 lbs., or
between about 460 Ibs. and about 500 lbs. In a particular embodiment, the preset force
magnitude can be about 480 lbs. Moreover, in some embodiments the pretensioner 100
can be configured o sustain an applied load of at least 3,000 lbs. both before and after
retraction of the cable 106. In other embodiments, the pretensioner 100 can be configured
to hold other loads.

10022} in other embodiments, the occupant resiraint system 10 configured in
accordance with the present technology can inciude other types of pretensioners. Such
pretensioners can include, for example, other suilable electrical, mechanical, pneumatic,

hydraulic, and/or electromechanical pretensioning devices. Figure 4, for example, shows a
-
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front view of a rotary prelensioner 400 thal can be used with the occupant restraint
system 10 of the present technology. A portion of the exterior of the pretensioner 400 is
removed for purposes of illusiration. in the Hiustrated embodiment, the rotary
pretensioner 400 includes a mount 408, a curved tube 405, a piston 410 slidably
positioned within the tube 405, and an activator 402 in fluid communication with the
tube 405, The activator 402 can include and/or can be operably connected to a gas
generator 412 electrically connected to the sensor assembly 170 via the link 172, The
pretensioner 400 can further include a rotatable first spool 422 coaxially coupled to a
second spool 423, A proximal end portion of the web 132 can be wound around the first
apool 422, A cable 406 has a first cable portion 411 coupled to the piston 410 and a
second cable portion 409 is wound around the second spool 423.

{0023} In operation, in response {0 a dynamic event above a preset magnitude, the
sensor assembly 170 sends an electrical signal {o the activator 402 via the link 172, The
activator 402 then activates the gas generator.  Upon aclivation of the generator,
combustion gases are generated which increase the pressure within the tube 405 on the
upstream side of the piston 410, As the pressure inside the tube 405 increases on one
side of the piston 410, it drives the piston 410 through the tube 405 (as indicated by
arrow A} thereby retracting the cable 406. As the cable 406 retracis, the cable 406 rotates
the second spool 423, thereby rotating the first spool 422 and retracting the web 132 in the
direction A as described above with references o Figures 1A and 1B. in one
embodiment, the pretensioner 400 can be configured to retract up to 3.5 inches of the
web 132. In other embodiments, the pretensioner 400 can be configured to retract other
lengths of the cable 106.

i, Additional Embodiments of Occupant Restraint Systems

0024} in other embodiments, the occupant restraint systemn 10 can include different
features and/or have different configurations. For example, salthough the occupant
restraint system 10 Hiustrated in Figures 1A-28 includes a two-point web 132, one skilled
in the art will appreciate that the pretensioning systems described herein can be used with
other occupant restraint systems, such as three- and four-point systems. Figure 5, for
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example, is a front view of a three-point restraint system 530 configured for use with the
occupant resiraint system 10 of the present technology. The three-point restraint 530 can
include a first web portion 533, a second web portion 535, and a third web portion 537.
The first and second web portions 533, 535 are configured to be positioned across an
occupant's lap or waist region, and the third web portion 537 is configured to extend
upwardly from the first web portion 533 {(and/or the second web portion 535) across the
occupant’s chest and over the cccupant's shoulder. In the iHlusirated embodiment, &
buckle 534 can be used to releasably attach the first and second web portions 533, 537 o
the third web portion 535,

[0025] The restraint 530 can be configured o be coupled to an aircraft seat (shown
schematically) and/or an aircraft cabin structure (not shown) at a first attachment point A1
positioned at a proximal end of the first web portion 533, a second attachment point A2
positioned at a proximal end of the second web portion 535, and a third attachment

point A3 positioned at a proximal end of the third web portion 537.

[0026] In the dlustrated embodiment, the restraint 530 includes a pretensioner 500
coupled to the proximal end portion of the second web portion 535, The pretensioner 500
can pe any of the pretensioners descaribed hergin. In other embodiments, maore than one
pretensioner 500 can be coupled to the restraint 530 and/or the pretensioner 500 can be
coupled to the first and/or third portions 533, 537.

V. Examples

00271 The following examples are Hlusirative of several embodiments of the present
technology:

1. An occupant restraint system for use in an aircraft, the occupant restraint
system comprising:
a flexible and elongate web configured to extend across al least a portion of an
occupant seated in a seat;
an electronically-aciuated pretensioner operably coupled o an end portion of the
web; and
-0~
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a sensor assembly operably connected to the pretensioner, wherein the sensor
assembly is configured o send an electrical signal to the pretensioner in
response o an aircraft acceleration or deceleration above a presst
magnitude, and wherein, in response o receiving the electrical signal from
the sensor assembly, the prelensioner is configured (o automatically increase

tension in the web.

2. The occupant resiraint system of example 1 wherein:

the pretensioner includes a housing and a cable;

the cable has a first cable portion positioned within the housing and a second cable
portion extending from the housing and operably coupled o the end portion
of the web; and

in response o receiving the electrical signal from the sensor assembly, the
pretensioner is configured to retract the cable into the housing and increase

tension in the web.

3. The occupant restraint system of example 2 wherein the pretensioner further
includes a piston slidably disposed within the housing and operably coupled {o the first
cable portion, and wherein in response o receiving the electrical signal from the sensor
assembly, the piston is driven into the housing to retract the cable and increase tension in

the web.

4. The occupant restraint system of example 2 or example 3 wherein the
pretensioner further includes a piston slidably disposed within the housing and a rotatable
spool, wherein the first cable portion is operably coupled to the piston and the second
cable portion is operably coupled to the spool, and wherain in response o receiving the
electrical signal from the sensor assembly, the piston is driven into the housing to refract
the cable, whereby the cable rotates the spool {o increase tension in the web.

-114-
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5. The occupant resiraint system of any one of examples 1 o 4 wheregin the
pretensioner includes a flexible connecting member extending from a pretensioner body,
wherein the connecting member has a distal end portion coupled to the end porlion of the
web, wherein the connecting member extends along a tensioning axis between the
pretensioner body and the web when the web is secured around the occupant, and
wherein the tensioning axis extends at an angle that is greater than 10 degrees and less

than 45 degraes relative to a horizontal axis of the seat.

6. The occupant restraint system of example 5 wherein the seat is mounted {o a
floor surface of the aircraft, and wherein the horizontal axis of the seat extends paraliel {o

the floor surface.

7. The occupant restraint system of example 6 wherein:
the tensioning axis extends at an angle that is between about 15 degrees and about
40 degrees relative 1o the horizontal axis of the seat.

8. The occupant restraint system of any one of examples 6 or 7 whearein:
the tensioning axis extends at an angle of about 35 degrees relative to the
horizontal axis of the seat.

a. The occupant restraint systemn of any one of examples 1 to 8 wherein:
the web includes:
a first web portion having a first distal end and a first proximal end operably
coupled to the pretensioner; and
a second web portion have a second distal end and a second proximal end;
and wherein the first distal end is releasably coupleable to the second
distal end via a buckle,

10, The occupant resiraint sysiem of any one of examples 1 to 8 wherein the
pretensioner i positioned toward a first side of the seal, and wherein the occupant

42
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restraint system further comprises a web retractor positioned toward an opposite, second
side of the seat, wherein the end portion of the web is a first end portion, and wherein the
web further comprises a second end portion, opposite the first end portion and operably

coupled to the web retracior.

1. The occupant restraint system of any one examples 1 to 10 wherein the

pretensioner is a linear pretensioner.

12.  The occupant restraint system of any one of examples 1 to 10 wherein the

pretensioner is a rotary pretensioner.

13.  The occupant restraint system of any one of examples 1 to 12 wherein the

accupant restraint system is a two-point occupant restraint system.

14, The occupant resiraint system of any one or examples 1 0 13 wherein the

weab is configured to extend across a lap of the occupant.

15.  The occupant restraint system of any one of examples 1 1o 14 wherein the
web is configured to extend across a lap of the occupant, and wherein the web is the sole

restraint web included in the occupant restraint system.

16.  The occupant restraint system of any one of examples 1 to 12, 14 or 15

wherein the occupant restraint system is a three-point occupant restraint system.

17. A seating system for use in an aircraft, the seating system comprising:

an aircraft seat, wherein the seat is mounied o a floor that defines a horizontal axis
of the seat;

a flexible and elongate web configured to exiend across a lap of an occupant

seaied on the seal, wherein the web includes—
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a first web portion having a first distal end portion and a first proximal end
portion;

a second web portion have a second distal end porlion and a second
proximal end portion; and

wherein the first distal end portion is releasably coupleable o the second
distal portion via a buckle; and

an electronically-actuated pretensioner fixedly mounted proximate the seat, the

pretensioner including—

a housing; and

a cable, wherein the cable has a first cable portion exiending within the
housing and a second cable portion extending between the housing
and the first web portion, wherein the second cable portion is coupled
to the first proximal end portion of the first web portion, wherein the
second cabie portion extends along a tensioning axis, and wherein the
tensioning axis extends at an angle that is less than 45 degrees
relative 1o the horizontal axis of the seat when the web extends across
the lap of the seat occupant.

18.  The seating system of example 17 wherein the angle is befween about 15
degrees and about 40 degrees.

18. The sesting system of example 17 or example 18 wherein the angle is
between about 30 degrees and about 40 degrees.

20.  The seating system of any one of examples 17 to 18 wherein the angle is
about 35 degrees.

21, The seating system of any one of examples 17 to 20, further comprising a
sensor assembly operably connected o the pretensioner, wherain the sensor assembly is
configured o send an electrical signal to the pretensioner in response o an aircraft

14~
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acceleration or deceleration above a preset magnitude, and wherein, in response to
receiving the electrical signal from the sensor assembly, the pretensioner is configured to

auvtomatically increase tension in the web.

22.  The sealing system of any one of examples 17 to 21 wherein the

pretensioner is a linear pretensioner.

23.  The seating system of any one of examples 17 to 22, further comprising a

web retractor coupled o the second proximai end portion of the second web portion.

V. Conclusion

{0028} From the foregoing, it will be appreciated that specific embodiments have
been described herein for purposes of illusiration, but that various modifications may be
made without deviating from the spirit and scope of the various embodimenis of the
disclosure. For example, the occupant restraint systems described above with reference
o Figures 1A-5 may have different configurations and/or include different features.
Moreover, specific elements of any of the foregoing embodiments can be combined or
substituted for elements in other embodiments.  For example, the occupant restraint
systems described in the context of specific vehicles (e.g., automobile or aircraft systems)
can be implemented in a number of other types of vehicles {&.g., non-auiomobile or non-
aircraft systems). Cerlain aspecis of the disclosure are accordingly not limiled o
automobile or aircraft systems. Furthermore, while advantages associated with certain
embodiments of the disclosure have been described in the context of these embodiments,
other embodiments may aiso exhibit such advantages, and not all embodiments need
necessarily exhibit such advantages to fall within the scope of the invention.  Accordingly,

the disclosure is not limited, except as by the appended claims.
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CLAIMS

iWe claim:

1. An occupant restraint system for use in an aircraft, the occupant restraint
system comprising:

a flexible and elongate web configured to extend across al least a portion of an
occupant seated in a seat;

an electronically-aciuated pretensioner operably coupled (o an end portion of the
web; and

a sensor assembly operably connected to the pratensioner, wherein the sensor
assembly is configured o send an electrical signal to the pretensioner in
response o an aircraft acceleration or deceleration above a preset
magnitude, and wherein, in response {0 receiving the electrical signal from
the sensor assembly, the pretensioner is configured to automatically increase

tension in the web.

2. The occupant restraint system of claim 1 wherein:

the pretensioner includes a housing and a cable;

the cable has a first cable portion positionad within the housing and a second cable
portion extending from the housing and operably coupled to the end portion
of the web; and

in response o receiving the electrical signal from the sensor assembly, the
pretensioner is configured to retract the cable info the housing and increase

tension in the web.

3. The occupant restraint system of claim 2 wherein the pretensioner further
includes a piston slidably disposed within the housing and operably coupled fo the first

cable portion, and wherein in response o receiving the electrical signal from the sensor
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assembly, the piston ig driven into the housing io refract the cable and increase tension in
the web.

4. The occupant restraint system of claim 2 wherein the pretensioner further
includes a piston slidably disposed within the housing and a rotatable spool, wherein the
first cable portion is operably coupled to the piston and the second cable portion is
operably coupled 1o the spool, and wherein in response o receiving the electrical signal
from the sensor assembly, the piston is driven into the housing to retract the cable,

whereby the cable rotates the spool to increase tension in the web.

5. The occupant restraint system of claim 1 whearein the pretensioner includes a
flexible connecting member extending from a pretensioner body, wherein the conneciing
member has a distal end portion coupled o the end portion of the web, wherein the
connecting member exiends along a tensioning axis befween the pretensioner body and
the web when the web is secured around the occupant, and wherein the tensioning axis
extends at an angle that is greater than 10 degrees and less than 45 degrees relative to a
horizontal axis of the seat.

6. The occupant restraint system of claim 5 wherein the seat is mounted 1o a
fioor surface of the aircraft, and wherein the horizontal axis of the seat extends parallel to
the floor surface.

7. The occupant restraint system of claim 6 wherein:
the tensioning axis extends at an angle that is between about 15 degrees and about

40 degrees relative to the horizontal axis of the seat.
8. The occupant restraint system of claim 6 wherein:

the tensioning axis extends at an angle of about 35 degrees relative 0 the
horizontal axis of the seat.
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9. The occupant restraint system of claim 1 wherein:
the web includes:
a first web portion having a first distal end and a first proximal end operably
coupled 1o the pretensioner; and
a second web portion have a second distal end and a second proximal end;
and wherein the first distal end is releasably coupleable to the second

distal end via a buckie.

10, The occupant restraint system of claim 1 wherein the pretensioner is
positioned {oward a first side of the seat, and wherein the occupant resiraint system further
comprises a web retractor positioned {oward an opposite, second side of the seat, wherein
the end portion of the web is a first end portion, and wherein the web further comprises a
second end portion, opposite the first end portion and operably coupled o the web

retractor,

11,  The occupant restraint system of claim 1 wherein the pretensioner is a lingar

pretensioner.

12.  The occupant restraint system of claim 1 wherein the pretensioner is a rotary

pretensioner,

13. The occupant restraint system of claim 1 wherein the occupant restraint

system is a two-point occupant restraint system.

14.  The occupant restraint system of claim 1 wherein the web is configured o

extend across a lap of the occupant.

-18-



WO 2015/089098 PCT/US2014/069384

15.  The occupant restraint gsystem of claim 1 wherein the web is configured to
axtend across a lap of the occupant, and wherein the web is the sole restraint web
included in the occupant restraint system.

16, The occupant resiraint system of claim 1 wherein the occupant restraint

system is a three-point occupant restraint system.

17.  Aseating system for use in an aircraft, the seating system comprising:
an aircraft seal, wherein the seal is mounted 1o a floor that defines a horizontal axis
of the seat;
a flexible and elongate web configured to extend across a lap of an occupant
seated on the seat, wherein the web includes—
a first web portion having a first distal end portion and a first proximal end
portion;
a2 second web portion have a second distal end portion and a second
proximal end portion; and
wherein the first distal end portion is releasably coupleable 1o the second
distal portion via a buckle; and
an electronically-actuated pretensioner fixedly mounted proximate the seat, the
pretensioner including—
a housing; and
a cable, wherein the cable hag a first cable portion exiending within the
housing and a second cable portion exiending between the housing
and the first web portion, whersin the second cable portion is coupled
o the first proximal end portion of the first web portion, wherein the
second cable portion extends along a tensioning axis, and wherein the
tensioning axis extends at an angle that is less than 45 degrees
relative to the horizontal axis of the seat when the web exiends across
the lap of the seat occupant.
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18.  The sealing system of claim 17 wherein the angle is between about 15
degrees and about 40 degrees.

19.  The seating system of claim 17 wherein the angle is between about 30
degrees and about 40 degrees.

20.  The sealing system of claim 17 wherein the angle is about 35 degrees.

21. The sealing system of claim 17, further comprising a sensor assembly
operably connecled to the pretensioner, wherein the sensor assembly is configured to
send an electrical signal o the pretensioner in response 1o an aircraft acceleration or
deceleration above a preset magnitude, and wherein, in response fo receiving the
glectrical signal from the sensor assembly, the pretensioner is configured to automatically

increase tension in the web.

22.  The seating system of claim 14 wherein the pretensioner is a linear

pretensioner.

23.  The seating system of claim 17, further comprising a web retractor coupled to
the second proximal end portion of the second web portion.
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