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Description

[0001] The subject of the invention is an airbag assem-
bly with a system of adaptive release valves of the airbag,
in particular of a rescue air cushion.

[0002] As indicated in the application description
PL436060 A1, rescue air cushions with pneumatic frame
are widely used by fire brigades around the world due to
their compact design and relatively low weight. Their
design is based on a pneumatic frame, inflated from a
compressed air tank. Walls which enclose a specific
volume of gas are attached to the frame. Thus an airbag
is formed, onto which an evacuated/rescued person can
fall. Due to the fact that the volume of the airbag is large, it
is not possible to fill it with compressed air from the tank
and the airbag is filled by itself. After the pneumatic frame
is putup, the gas pressure inside the bag is equalized due
to the air flow through the openings in the walls of the
rescue air cushion. Now the rescue air cushion can be
considered fully put up and ready to take impact at the
moment when the gas pressure inside the airbag of the
rescue air cushion is equal to the ambient pressure.
[0003] For example, application PL108257 U dis-
closes a rescue air cushion whose design includes a
pneumatic frame which is a frame of a gas-tight fabric
rectangular cuboid supporting the walls of the airbag. The
airbag is divided by a partition into two parts and in the
partition there are at least seven openings for pressure
equalization. On the outer walls there are at least two
handles made of tape, with a pocket for a compressed air
tank attached to the wall below the frame.

[0004] Document DE7222167 U refers to a jumping
mat for sport-rescue services made of an inflatable rub-
ber bag with one or more openings in the wall that are
closed by release valves, such as lip valves, ball valves,
etc., which open depending on the direction of flow if the
pressure is increased. Whereby, in a preferred embodi-
ment, the above-mentioned adjustable openings are
designed so that they can be controlled and closed with
zippers.

[0005] Document CN206792824 U refers to a rescue
air cushion made of covering fabric, which acts as a buffer
and consists of a main airbag, an auxiliary buffer bag that
constitute an upper and lower airbag, covering fabric and
air support columns equipped with access ports that are
fastened with a strap.

[0006] Application US3603430 A refers to a single-
chamber shock-absorbing airbag, the structure of which
is stabilized by integrated, diagonal tubular struts forming
a cross in the upper plane of the pneumatic frame.
[0007] Document DE7301686 U refers to a rescue air
cushion in which the impact is absorbed by flexible air
tanks, and the absorption is affected by air pressure
regulation and adjustable valves. The disclosed rescue
air cushion may consist of one or more chambers, and its
valves may be common to all chambers or separate and
individually controlled for each air chamber.

[0008] Application DE2915303 A1 discloses a spring
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mattress, particularly for rescuing people falling out of
burning buildings, which is made of a flexible and largely
tight material. Preferably, four air openings at each of the
corners are cut in the covering material. Two adjacent air
openings are closed from below by an inlet valve or
shielded from above by an outlet valve sewn in on one
side. These valves are made of relatively rigid PVC
laminate. The inlet valve is pressed into the air openings
by means of rubber cables or similar, while the outlet
valve falls by means of gravitation onto the cover. The
cover is sewn to the landing surface of the bag so that the
air inlet openings cover the two openings in the landing
surface so that air can be sucked in from the outside. Air
openings with a valve are located inside the bag so that
air can get inside the airbag. An outlet valve prevents air
from returning to the airbag.

[0009] Inturn, the utility model PL54564 Y1 discloses a
rescue air cushion consisting of two stacked pneumatic
bags, of which the lower one is divided by three mesh
walls, and the upper one is twice as high as the lower one.
In the middle part of the upper bag there are five openings
with a safety flap. On the external sides of the upper bag
there are channels in a shape similar to the letter F, which
are connected to the lower external bag, covered with
safety flaps made of folds of material. In addition, the
lower airbag has a round opening connected to the air
supply sleeve. The above-mentioned circular opening of
the lower airbag is located at a half the height of the mesh
wall. In the bottom of the lower airbag connecting the
lower airbag and the upper airbag there are two circular
openings in the middle of the external parts of the lower
airbag.

[0010] Application DE102019216581 discloses a
valve with a housing, wherein the housing forms at least
one group with at least two fluid passages. Furthermore,
the valve comprises a control element arranged inside
the housing in the form of a foil, wherein the foil forms at
least one valve opening, via which a fluid-conducting
connection can be established between the fluid pas-
sages of the group. Such a valve is characterized in that
the foil can be wound and unwound onto atleast one shaft
fordisplacement of the valve opening along a longitudinal
direction of the foil.

[0011] Application EP317904 discloses a jump safety
apparatus having a frame consisting of inflatable tubes, a
fabric forming the jumping surface, and a cover situated
at the sides and below, the cover and the fabric enclosing
one or more air-filled cavities and the apparatus being
provided with a plurality of air passage apertures laterally
on the cover. At least the majority of the air passage
apertures are arranged in the vicinity of the support
located in the corners of the apparatus, the air passage
apertures preferably forming vertical rows which extend
approximately parallel to the support in the corners of the
apparatus.

[0012] Atpresent, state-of-the-artairbags, in particular
rescue air cushions, are not equipped with a system that
provides adaptation to a certain weight and speed with
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which a body falls on/hits the rescue air cushion. Cur-
rently, release openings in the side walls of the device are
designed for the same, default impact conditions, which
results in low efficiency of energy absorption from the
impacting body under extreme conditions, e.g. high or
low body weight, high fall speed.

[0013] The goal of the invention is to provide a system
foradapting the airbag (in particular rescue air cushion) to
identified/estimated impact/landing conditions, i.e. mass
and speed of the falling body at the time of its contact with
the surface of the airbag.

[0014] The subjectofthe inventionis an airbag assem-
bly as defined by claim 1 and comprising a system of
adaptive airbag release valves, in particular a rescue air
cushion. with openings in the side walls, arranged in at
least one column or row, characterized in that atleastone
column or row is combined with at least one sliding
shutter with the first openings and at least one
through-pocket with the second openings. Thereby the
shutter is placed between the side wall and through-
pocket, and the side wall and the through-pocket provide
a guide for the shutter controlled by a shutter-sliding
module, which is connected to the control system and
power source.

[0015] Preferably, the shutter-sliding module is
equipped with a rotary actuator and at least one spring
or a pair of counter-rotating rotary actuators or a linear
actuator and a pull-element or a pair of linear actuators
working in opposite directions.

[0016] Preferably, the control system is equipped with
a microcontroller with a memory containing an algorithm
for adapting the airbag to the impact conditions, which
calculates the optimal gas release from at least one
chamber, based on the data of the expected impact
conditions entered into the control system, by determin-
ing the optimal overlap of the openings in the side walls of
the airbag with the first and second openings, determin-
ing the position of the shutters relative to the side walls
and through-pockets. It then sends a control signal to the
shutter-sliding module, or sends information about the
intended overlap and position to the shutter-sliding mod-
ule, whereby impact conditions data constitute at least
one parameter, which includes the weight of the landing
person, impact speed, height, or a combination thereof.
[0017] Preferably, the shutter and the through-pocket
have two parts, and a hinge is located between the two
parts of the shutter.

[0018] Preferably, the shutter-sliding module is
equipped with a system for measuring the relative posi-
tion of the first openings of the shutter relative to the
openings in the side walls and the second openings of the
through-pocket.

[0019] Preferably, the shutter-sliding module is
equipped with one or two limit switches.

[0020] Preferably, the measuring system consists of at
least one row of perforation on the shutter for non-contact
measurement and at least one optical sensor consisting
of an emitter and a receiver.
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[0021] Preferably, the measuring system consists of at
least one row of perforation for contact measurementand
a rotary displacement sensor.

[0022] Preferably, the measuring system consists of at
least two first contact elements located on the cover and
corresponding second contact elements located on the
through-pocket or side wall of the airbag. Preferably, the
measuring system consists of a measuring ruler.
[0023] Preferably, the measuring system is coupled to
a system indicating the degree of opening of the valves.
[0024] According to the invention, the airbag assembly
consists of a pneumatic frame and an airbag supported
by it. Thereby the airbag has at least one chamber and
openings, characterized in that the openings are ar-
ranged in at least one column located near the vertical
edges of its side walls or the openings are arranged in at
least one row located by at least one horizontal edge of
the wall, basically in the middle of the side wall or near the
horizontal edge of the chamber.

[0025] Preferably, in the upper plane of the pneumatic
frame there is a pneumatic element in the shape of a
cross or a flat chamber.

[0026] Preferably, the airbag according to the invention
comprises atleasttwo chambers arranged side by side or
one on top of the other. Preferably, at least one chamber
is divided horizontally or vertically into at least two sub-
chambers.

[0027] The invention provides the following advan-
tages:

e it provides effective adaptation of the airbag (in par-
ticular rescue air cushion) to identified/estimated
impact/landing conditions, i.e. the mass and speed
of the body at the time of contact with the surface of
the rescue air cushion. This problem is especially
relevant when jumps are performed by children or
persons with a large body mass, or when jumping
from different heights. It is important that firefighters
or other operators of the rescue air cushion have the
ability to adjust its characteristics to provide best
possible absorption and energy dissipation of the
falling object/landing person;

e a spring element (e.g. at least one spring) of the
shutters provides a "fail-safe" function, since in the
event of a power failure or a deliberate disconnection
of the clutch, the shutter is brought to a specific
position, which - depending on the mechanical para-
meters of the system - can be adjusted to selected
impact conditions, e.g. the worst acceptable condi-
tions of impact against the rescue air cushion, air
release according to the design of current non-adap-
tive rescue air cushions;

e the use of a measuring system to determine the
relative position of the shutters and its coupling with
the signalling system allows for verification of the
adaptation of the airbag, realized by sliding the
shutters relative to the other openings, and informing
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the operator or control system of the actually ob-
tained degree of opening of the release valves;

¢ the addition of a pneumatic cross or a flat chamber
connected to the frame increases the relative rigidity
of the airbag according to the invention and provides
favourable squeeze characteristics;

* the use of two, three or more chambers makes it
possible to use the airbag according to the invention
to amortize falls of persons from larger heights;

[0028] Theinventionis presented in embodiments and
in the figure, where Fig. 1 shows an airbag assembly
according to the invention with a valve system according
to the invention in an overall view; Fig. 2 shows an airbag
assembly according to the invention with a valve system
according to the invention in a top and side view; Fig. 3
shows a schema of the system of the valves for the
assembly according to the invention with particular re-
ference to the relative position of the shutter, the through-
pocket and the shutter-sliding module; Fig. 4 shows a
variant of the shutter-sliding module of the valve system
for the assembly according to the invention, which con-
sists of two oppositely arranged linear actuators; Fig. 5
shows variants of a system for measuring the relative
position of the shutter openings relative to the openingsin
the side walls of the airbag and the openings in the
through-pockets of the system according for the assem-
bly to the invention.

[0029] A detailed description of embodiments of the
invention is presented below.

[0030] Whereby, within the meaning of the invention,
the phrase "in an embodiment" is to be understood as in
one or more embodiments. In addition, the characteris-
tics of individual embodiments can be combined with
each other. The descriptions of embodiments of the in-
vention in this application are provided as an example
and are not intended to limit the scope of the invention.
Described embodiments include various features, not all
of which are required in all embodiments of the invention.
Some designs use only chosen features or possible
combinations of features. Described variants of embodi-
ments and embodiments of the invention with different
combinations of features mentioned in the described
embodiments are understandable to an expert in the
field. The scope of the invention is limited only by the
claims. According to the invention, the system of adaptive
release valves is designed for use in an airbag (e.g., a
rescue air cushion) containing openings in its side walls.
[0031] Inone of the embodiments, the openings in the
side walls of the airbag are arranged in one or more
columns (e.g. one column, two columns, three columns,
etc.) located near all vertical edges of its side walls and
combined with one or more sliding shutter with the first
openings and one or more through-pocket with the sec-
ond openings. Whereby, the shutter is located between
the side wall and the through-pocket. The side wall and
the through-pocket provide a guide for the shutter con-
trolled by the shutter-sliding module, which is connected
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to the control system and the power source.

[0032] In a preferred embodiment, the openings in the
side walls of the airbag are arranged in two columns near
each vertical edge of the side walls. Whereby, according
to the invention, it is possible to cover both columns of
openings and to cover one of them, depending on the
design of the shutter, which may include all or selected
columns.

[0033] In one embodiment, openings in the side walls
of the airbag are arranged in two columns near each
vertical edge of the side walls, and each column is
combined with one shutter and one through-pocket. In
another embodiment variant, one shutter (and a through-
pocket) is common to all the columns of openings.
[0034] In one embodiment, the openings in the side
walls of the airbag are arranged in two columns near each
vertical edge of the side walls, and one of the columns has
a sliding shutter. In such a system, partial or complete
closing of the openings in one column increases gas
release. When the system is switched off, the spring of
the drive system of the shutter-sliding module brings the
shutter to a defined position (e.g. corresponding to the
complete closure of column openings). Whereby, the
position to which the spring will be brought depends on
its parameters and the method and place of attachment,
as well as on the parameters of the actuator/drive. Com-
plete closing of the openings in the first column consti-
tutes a special, advantageous case, but it is not an
obligatory variant.

[0035] In another embodiment, the openings in the
side walls of the airbag are arranged in one column near
each vertical edge of the side walls.

[0036] In another embodiment, the openings in the
side walls of the airbag are arranged in one or more rows
(e.g. one row, two rows, three rows, etc.) located by at
least one horizontal edge of the side wall.

[0037] Inone embodiment, openings are arrangedina
single row located by all horizontal edges of the airbag. In
another embodiment, the openings are arranged in two
rows located by all horizontal edges of the airbag.

[0038] In another embodiment, the openings are ar-
ranged in two rows located by two horizontal edges of the
airbag.

[0039] In another embodiment, the system for the as-

sembly according to the invention is implemented in a
bag with three chambers, one on top of the other, and the
openings are arranged in one row located near the hor-
izontal edges of the chambers - i.e. in the areas corre-
sponding to the division of the airbag into chambers
(which are not necessarily identical to the edges of the
entire walls).

[0040] In another embodiment, the system for the as-
sembly according to the invention is implemented in a
bag with two chambers, one on top of the other, and the
openings are arranged in two rows located in the middle
ofthe side wall (one in the upper chamber, the other in the
lower chamber), symmetrical to the edge dividing the bag
into chambers.
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[0041] In one embodiment, a rescue air cushion is the
above-mentioned airbag. In a preferred embodiment, the
above-mentioned airbag is a rescue air cushion whose
airbag is essentially a rectangular cuboid. The system for
the assembly according to the invention can also be used
in airbags of other shapes.

[0042] In one embodiment, the cover and the through-
pocket of the system for the assembly according to the
invention have two parts and a hinge (e.g. made of wire or
a piece of non-stretching fabric), located between the two
parts of the shutter. This configuration is preferable for
two-chamber airbags.

[0043] In another embodiment, the shutter and the
through-pocket of the system for the assembly according
to the invention have three parts and a hinge, located
between the individual parts of the shutter. This config-
uration is preferable for three-chamber airbags.

[0044] In another embodiment, for each number of
parts "n" of the shutters, there is "n-1" of the hinges.
[0045] The presence of one or more hinges is a con-
venient improvement for folding of the airbag, which is
especially justified in the case of large airbags.

[0046] In another embodiment, the shutter and
through-pocket of the valve system for the assembly
according to the invention are not divided into part and
there is no hinge. This configuration is preferable for
single-chamber airbags.

[0047] According to the invention, different shapes of
the first openings in the shutter (e.g. round, oval, rectan-
gular) and the second openings in the through-pocket
(e.g. round, oval, rectangular) are acceptable. Whereby,
in one embodiment, the second openings in the through-
pocket are not smaller than the openings located in the
walls of the airbag. In a preferred embodiment, the sec-
ond openings in the through-pocket have the same
shape and size as the openings located in the side walls
ofthe airbag. In one embodiment, the first openings in the
shutter of the system of airbag adaptive release valves for
the assembly according to the invention are of a different
size and shape than the second openings of the through-
pocket and the openings located in the side walls of the
airbag. Therefore, it is possible to obtain different effec-
tive gas release surfaces for the airbag chambers, which
results from overlapping of the first openings in the shut-
ter with the openings of the side walls of the airbag (in
particular, rescue air cushion). In one embodiment, the
first openings of the shutter and the openings in the side
wall are round, while the second openings in the through-
pocket are rectangular. Thus, the surface area of air
outflow from the airbag chambers or rescue air cushion
is the result of overlapping of two circles. Itis also possible
to choose other shapes, so that, for example, a circle and
a rectangle or two rectangles overlap. Other configura-
tions are also possible.

[0048] According to the invention, sliding of the shut-
ters relative to the side walls of the airbag and the
through-pockets is controlled by the shutter-sliding mod-
ule. In one embodiment, the shutter-sliding module is
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equipped with one limit switch. In another embodiment,
the shutter-sliding module is equipped with two limit
switches, one of which determines the point of maximum
displacement of the cover in one direction and the other
determines the point of maximum displacement of the
cover in the other direction.

[0049] In one embodiment, the shutter-sliding module
is based on a rotary drive and one or more springs.
[0050] In one embodiment, the shutter-sliding module
consists of a rotary motor with a transmission, brake,
clutch, drums with bearings and rolls located in the hous-
ing of the sliding system, which use bearings to straighten
the shutter rolled on the drum and springs (e.g., with
constant torque). The ends of the shutter are fixed to
the drums in such a way that its sliding along the through-
pocket causes the strap to unwind from one drum and
wind on the other. In another embodiment, transmission
and brake are omitted. In another embodiment, the shut-
ter-sliding module is equipped with a rotary drive and two
springs. Whereby, itis acceptable to use more springs. In
another embodiment, the shutter-sliding module is
equipped with two limit switches that determine the max-
imum displacement of the shutter in both directions. In
one embodiment, the control system processes data
from the limit switches and stops the rotary engine ac-
cordingly. In another embodiment, the sensors are con-
nected to the rotary motor, which ensures that it stops
without the need of transmission of the signal by the
control system to the sensors. Whereby, the use of one
or more springs provides a "fail-safe" function, since in
case of power failure or deliberate disconnection of the
clutch, the cover is brought to a defined position, which
can correspond to the worst acceptable conditions for
impact on the rescue air cushion.

[0051] In another embodiment, the shutter-sliding
module is equipped with a pair of counter-rotating rotary
drives. In one embodiment, each of the rotary drives
consists of a rotary motor with a transmission, brake,
clutch, drum with bearings and sliding module located ina
housing, wherein the drum is used for winding / unwind-
ing the shutter. In another embodiment, the shutter-slid-
ing module is equipped with two limit switches that de-
termine the maximum displacement of the shutter in both
directions. In one embodiment, the control system pro-
cesses data from the limit switches and stops the drives
accordingly. In another embodiment, the sensors are
connected to the drives, which ensures that they stop
without the need of processing the signal from the sen-
sors by the control system.

[0052] In another embodiment, the shutter-sliding
module consists of two linear actuators working in oppo-
site directions (e.g. electric or pneumatic), which are
connected to the shutter by a metal cable sliding inside
a housing (similar to bicycle brakes). As the linear ac-
tuators work in opposite directions, the shutter is pulled
by one actuator and pushed by the other. Whereby, the
opposition of these linear actuators ensures effective
displacement of the shutters in both directions. In one
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embodiment, the shutter-sliding module is equipped with
two limit switches that determine the maximum displace-
ment of the shutter in both directions. In one embodiment,
the control system processes data from the limit switches
and stops the actuators accordingly. In another embodi-
ment, the sensors are connected to the actuators, which
ensures that they stop without the need to process the
signal from the sensors by the control system.

[0053] In one embodiment, the shutter-sliding module
consists of two pneumatic linear actuators which work in
opposite directions and use the same source of com-
pressed gas as the pneumatic frame of the airbag with the
system according to the invention. In another embodi-
ment, the pneumatic actuators use a separate gas
source. In one embodiment, the shutter-sliding module
is equipped with two limit switches.

[0054] In another embodiment, the shutter-sliding
module consists of a linear actuator (e.g., electric or
pneumatic) and a pulling element equipped with a sec-
ond spring (e.g., fixed-force spring) that ensures safe
operation of the inventionin the event of afailure or lack of
power when the pulling element brings the shutter to a
specific position, e.g., corresponding to the air release in
accordance with the design of current non-adaptive res-
cue air cushions. Moreover, due to the opposing arrange-
ment of the actuator and the pulling element, an effective
displacement of the shutters in both directions is en-
sured. In one embodiment, the shutter-sliding module
is equipped with two limit switches.

[0055] In one embodiment, the shutter-sliding module
of the system according to the invention is equipped with
a system for measuring the position of the first shutter
openings relative to the openings in the side walls and the
second openings of the through-pocket.

[0056] Inoneembodiment, the measuring system con-
sists of at least one row of perforations for non-contact
measurement on the shutter and an optical sensor con-
sisting of at least one emitter and a receiver. In one
embodiment, the measuring system consists of one per-
foration row and one emitter and receiver. In another
embodiment, the measuring system includes two rows
of perforations. Whereby, the use of two or more rows of
perforations is a preferred embodiment of the invention,
since the use of multiple rows of perforations (understood
as two or more rows of perforations) additionally provides
the ability to recognize the direction of displacement of
the shutter and increases the measurement resolution.
[0057] In another embodiment, the measuring system
consists of one emitter and a receiver. In one embodi-
ment, the emitter is an IR diode. In one embodiment, the
receiver is an IR phototransistor. In one embodiment, the
emitter and receiver are located in one housing. In an-
other embodiment, the emitter and receiver are two in-
dependent components. In one embodiment, the optical
system is located inside the shutter-sliding module.
[0058] In another embodiment, the measuring system
consists of one or more rows of perforations for contact
measurement and a rotary displacement sensor. In one
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embodiment, the measuring system consists of a single
row of perforations for contact measurement and a rotary
displacement sensor that measures the position of the
cover relative to the wall or through-pocket based on the
contact between the fixed measuring wheel and the
movable shutter. In one embodiment, the drive of the
wheel is transferred according to the principle of a belt
with perforations of a fixed scale which drives a gear
coupled (directly or indirectly) with a shaft of the system
that converts the angular position of the measuring wheel
into an electrical signal.

[0059] In another embodiment, the measuring system
consists of arotary displacement sensor and perforations
are omitted. In this variant, driving force is transferred by
friction.

[0060] In a preferred embodiment, the rotary displace-
ment sensor may in particular be a multi-turn potenti-
ometer and an encoder (e.g. with an optical or magnetic
transducer, incremental or absolute).

[0061] Inone embodiment, arotary displacement sen-
sor is located inside the shutter-sliding module.

[0062] In another embodiment, the measuring system
consists of at least the first two contact elements located
on the shutter and the corresponding second contact
elements located on the through-pocket or on the side
wall of the airbag equipped with the system according to
the invention. In one embodiment, the measuring system
consists of the first two contact elements located on the
shutter and the corresponding second contact elements
located on the side wall of the airbag equipped with the
system according to the invention. In another embodi-
ment, the measuring system consists of the first three
contact elements located on the shutter and the corre-
sponding second three contact elements located on the
through-pocket. Regardless of the number of contact
elements used, in each embodiment the number of first
contact elements corresponds to the number of second
contactelements. The position of the cover is determined
based on the contact of the first and second contact
elements.

[0063] In a preferred embodiment, the contact ele-
ments of the measuring system are shifted relative to
each other, so that it is possible to obtain a different
measurement resolution of the degree of opening of
the release valves (resulting from the relative position
of the openings).

[0064] In another embodiment, the measuring system
consists of a measuring ruler (e.g. resistive, magnetic or
capacitive) and the relative position of the shutter is
determined by the displacement of the measuring pattern
relative to the measuring point. In one embodiment, the
measurement patternis located on the shutter. In another
embodiment, the measurement pattern is located on the
side wall. In another embodiment, the measurement
pattern is located in the through-pocket.

[0065] In one embodiment, the measuring system is
coupled with a system indicating the degree of opening of
the valves, resulting from the relative position of the
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shutters. In this case, data from the measuring system
are used by the signalling system to communicate the
degree of valve opening to the airbag operator. Whereby,
in one embodiment, diodes located on the rescue air
cushion indicate the degree of opening of the valves.
In another embodiment, the degree of opening of the
valves is indicated on a small screen displaying informa-
tion. In another embodiment, data can be transmitted by
wire or wirelessly to the system in which the impact
parameters are entered (e.g. remote control, impact
parameter identification system, computer, etc.).

[0066] In one embodiment, the control system is
equipped with a microcontroller with memory containing
an algorithm for adaptation of the airbag (e.g. rescue air
cushion) to the impact conditions. Based on predicted
impact conditions entered into the control system, the
microcontroller calculates the optimal gas release from at
least one chamber by determining the optimal overlap of
the openings in the side walls of the airbag with the first
and second openings, thus determining the position of
the shutters relative to the side walls and through-pock-
ets. Then it sends data on the determined overlap and
position of the shutter-sliding module, whereby data on
impact conditions constitute at least one parameter in-
cluding mass of the landing person, impact speed, height
or a combination thereof.

[0067] In another embodiment, the control system is
equipped with a microcontroller with memory containing
an algorithm for adaptation of the airbag to the impact
conditions. Based on predicted impact conditions en-
tered into the control system, the microcontroller calcu-
lates the optimal gas release from at least one chamber
by determining the optimal overlap of the openings in the
side walls of the airbag with the first and second open-
ings, thus determining the position of the shutters relative
to the walls and through-pockets. Then it sends a control
signal to the shutter-sliding module.

[0068] In another embodiment, the control systemis a
combinational digital system composed of discrete logic
gates.

[0069] Inoneembodiment, partof the control system s
a module which processes signal from the relative posi-
tion measuring system of the shutter. The module can
process the position using a counter system that pro-
cesses impulses from an optical measuring system or
encoder.

[0070] In one embodiment, in which the position mea-
surementis represented by an electrical analogue quan-
tity (i.e. in the case of a measuring system comprising a
potentiometer or a linear measurement pattern), the
control system is equipped with an analogue-to-digital
converter. In another embodiment, the position can also
be inferred directly from logical combinations as a result
of electrical contact between the electrical contacts of the
shutter and the contacts located in the side wall or
through-pocket.

[0071] In one embodiment, communication between
the operator and the control system can be wired or
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wireless. The wireless method may be based on the
transmission of information using radio waves or optical
infrared light waves. In both cases, data transmission
between the operator and the control system is per-
formed using digital signal modulation.

[0072] Accordingto the invention, the airbag assembly
consists of a pneumatic frame and an airbag supported
by it, which has one or more chambers and openings.
[0073] In one embodiment, the airbag is a rescue air
cushion. In one embodiment, the airbag is essentially a
rectangular cuboid. Other shapes of the airbags are also
acceptable.

[0074] Inone embodiment, the openings are arranged
inasingle columnlocated by all vertical edges of the walls
of the airbag. In another preferred embodiment, the
openings are arranged in two columns located near each
vertical edge of the walls of the airbag. The openings can
also be arranged in three or more columns. Whereby, the
valve arrangement for the assembly according to the
invention makes it possible to shutter the whole or a part
of the airbag opening.

[0075] In another embodiment, the openings are ar-
ranged in a single row located by each horizontal edge of
the airbag wall. In a preferred embodiment, the openings
are arranged in two rows located by each horizontal edge
of the airbag side wall. In another embodiment, the open-
ings are arranged in two rows located by two horizontal
side edges of the airbag (e.g., edges of two opposite
sides of the airbag).

[0076] In another embodiment, the airbag for the as-
sembly according to the invention has three chambers
arranged one on top of the other, and the openings are
arranged in arow located near the horizontal edges of the
chambers - i.e. in the areas corresponding to the division
of the airbag into chambers (which are not necessarily
identical to the edges of the entire side walls).

[0077] In another embodiment, the airbag for the as-
sembly according to the invention is equipped with two
chambers located one on top of the other, and the open-
ings are arranged in two rows located in the middle of the
wall (one in the upper chamber, the other in the lower
chamber), symmetrical to the edge dividing the bag into
chambers.

[0078] Inone embodiment, the airbag for the assembly
according to the invention has only one chamber. In
another embodiment, the airbag for the assembly ac-
cording to the invention has two chambers. In another
embodiment, the airbag for the assembly according to
the invention has three chambers. The airbag for the
assembly according to the invention can also have more
chambers.

[0079] Whereby, the division of the airbag into cham-
bers is a horizontal division, in which the chambers are
located one on top of the other. The division can also be
vertical, as a result of which the airbag chambers will be
located one next to the other.

[0080] Whereby, if the airbags have two or more cham-
bers, selected chambers (e.g. one, two, each one) may
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be divided into sub-chambers.

[0081] Inone embodiment, the airbag for the assembly
according to the invention has three vertical chambers,
one on top of the other, in which the middle chamber is
divided horizontally into two sub-chambers.

[0082] In another embodiment, the airbag for the as-
sembly according to the invention has two vertical cham-
bers arranged side by side, which are divided into two
horizontal sub-chambers (one on top of the other). The
division of the individual vertical chambers may also be
different.

[0083] Inone embodiment, a cross-shaped pneumatic
element is mounted in the upper plane of the pneumatic
frame of the airbag for the assembly according to the
invention, which increases the rigidity of the airbag more
rigid and provides favourable squeeze characteristics.
[0084] In another embodiment, in the upper plane of
the pneumatic frame of the airbag for the assembly
according to the invention, there is a flat chamber con-
nected to the frame, which increases the relative rigidity
of the airbag according to the invention and provides
favourable squeeze characteristics.

Embodiment 1.

[0085] A system of adaptive release valves for the
assembly according to the invention is shown in the
figure, in which 1 is the airbag, 2 - pneumatic frame, 3
- chamber, 4 - openings in the side walls of the airbag, 5 -
walls of the airbag, 6 - sliding shutter, 7 - through-pocket,
8 - hinge, 9 - first openings, 10 - second openings, 11 -
shutter-sliding module, 12 - rotary drive, 13 - transmis-
sion, 14 - brake, 15 - clutch, 16 - drum, 17 - bearings, 18 -
rolls straightening the rolled / rolled out shutter, 19 -
spring, 20 - system for measuring the relative position
of the shutter openings relative to the openings in the side
walls and through-pockets, 21 - perforations for non-
contact measurement of the shutter position, 22 - optical
sensor, 23 - perforations for contact measurement, 24 -
rotary displacement sensor, 25 - first contact elements,
26 - second contact elements, 27 - measurement pattern,
28 - measuring point, 29 - linear actuator, 30 - pulling
element, 31 - second spring, 32 - metal cable, 33 -
housing, 34 - control system, 35 - power source.
[0086] In this non-limiting embodiment, a system of
adaptive release valves is implemented in the airbag 1
of the assembly of the invention, which in this embodi-
ment is a rescue air cushion. Rescue air cushion 1 is put
up on a pneumatic frame on which an airbag is spread,
which is equipped with a pocket for a compressed air tank
on the side. In this embodiment, the airbag is substan-
tially a rectangular cuboid and has two chambers.
[0087] The airbag is equipped with openings 4 located
near all vertical edges of its side walls 5. Whereby, as
shown in Fig. 1, the openings 4 are arranged in two
columns of openings 4 near each edge of the side walls
5.

[0088] Inthisembodiment, one columnofopenings4is
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combined with a sliding shutter 6 and a through-pocket 7.
In this embodiment, the shutter 6 is made of plastic, e.g.
tribo-tape, but a rigid material can also be used.

[0089] Whereby, the side wall 5 of the bag combined
with the through-pocket 7 provides a guide for the sliding
shutter 6. By placing the shutter 6 between the side wall 5
and the through-pocket 7, the shutter 6 can only slide in
one direction. In this embodiment, the shutter 6 moves
vertically, while the valve arrangement according to the
invention can be analogous for the bags 1 with the open-
ings 4 arranged horizontally, i.e. in a row or rows located,
e.g., near the centre of the side wall 5 of the airbag.
[0090] In this embodiment, the shutter 6 and the
through-pocket 7 have two parts, and there is a hinge
8 between the two parts of the shutter 6, made e.g. of
wire. The hinge 8 may also be made of another material,
e.g. a piece of non-stretching fabric.

[0091] The shutter 6 has the first openings 9, and the
through-pocket 7 has the second openings 10, which are
not smaller than the openings 4. The first openings 9 may
be of a different size and shape than the openings 4 and
10, which makes it possible to obtain different effective
gas release surfaces from the chambers 3 of the rescue
air cushion 1, which result from overlapping of the first
openings 9 of the shutter 6 and the openings 4 of the side
walls 5 of the chambers 3 of the rescue air cushion 1. In
addition, if the second openings 10 are not larger than the
openings 4, the gas release surface results from the
displacement of the first openings 9 relative to the second
openings 10. As shown in Fig. 2, in this embodiment, the
openings 4 in the side wall 5 and the first openings 9 in the
shutter 6 are round, while the second openings 10 in the
through-pocket 7 are rectangular. In this embodiment,
the outflow surface areais the result of overlapping of two
circles, since in this particular case the width and height of
the rectangle is greater than or equal to the diameter of
the largest opening, and therefore the rectangle extends
beyond the circle. In the assembly according to the in-
vention, a different choice of shapes is possible, e.g. a
circle and a rectangle, two rectangles, etc.

[0092] Sliding of the sliding shutter 6 relative to the side
walls 5 and through-pockets 7 is provided by the shutter-
sliding module 11, which is connected to the control
system 34 and power source 35. The sliding module
11 is further equipped with a system 20 for measuring
the relative position of the openings 9 of the shutter 6
relative to the openings 4 in the side walls 5 and the
openings 10 in the through-pockets 7. As shown in Fig. 3,
in this embodiment, the sliding module 11 consists of a
rotary motor 12 with an optional transmission 13, optional
brake 14, clutch 15, drums 16 with bearings in the hous-
ing of the sliding system 11 using bearings 17, rolls 18
straightening the shutter 6 that is rolled out/rolled on the
drum 16, two limit switches and a spring 19. In this
embodiment, the spring 19 is a constant-torque spring.
The ends of the shutter 6 are fixed to the drums 16 in such
a way that its movement along the through-pocket 7
causes the shutter 6 to roll out from one drum 16 and
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roll on the other. The use of the spring 19 provides "fail-
safe" function, since in the event of a power failure or
intentional disconnection of the clutch 15, the shutter 6 is
brought to a specific position that may correspond to the
worst permissible conditions of impact on rescue air
cushion.

[0093] Variants of the measuring system 20 are shown
in Fig. 5, where:

e Variant 1: Measurement of the relative position of
the shutter 6 using a non-contact optical method;

e Variant 2: Measurement of the relative position of
the shutter 6 using an encoder;

e Variant 3: Measurement of the relative position of
the shutter 6 using contact elements;

e Variant 4: Measurement of the relative position of
the shutter 6 using a linear measuring system.

[0094] Inthis embodiment, the measuring system 20 is
an optical system that consists of a non-contact mea-
surement perforation 21 in the shutter 6 and a measuring
element 22 consisting of an emitter (e.g., an infrared
diode - IR) and a receiver (e.g., an infrared phototransis-
tor-IR), as shown in Fig. 5, detail G.

[0095] Inthis embodiment, the emitter and receiver are
placed in a common housing, but they can also be two
independent components. Measurementis performed by
counting the lightimpulses as a result of the movement of
the shutter 6 relative to the optical measuring system 22.
[0096] The contactless measuring perforations 21 may
be of various shapes and may be arranged along the
edge of the shutter 6 in several rows. As shown in Fig. 5 -
detail G, in this embodiment, the contactless measuring
perforations 21 are circular openings arranged along the
edge of the shutter 6 in two rows with different phase
shifts. Whereby, the location of the openings at the edge
results from the following factors:

¢ no collision with the outlet openings cut in the cover,
which positively affects the more compact design of
the shutter;

* the possibility of using an optical sensor in an inte-
grated emitter and detector housing (as shown in
Fig. 5 variant G).

[0097] In this embodiment, the two rows are phase-
shifted by 180 degrees (which gives a four times higher
resolution than with a single-row system). The use of two
- or more - row perforations additionally provides the
ability to recognize the direction of displacement of the
shutter 6 and increase the measurement resolution). In
this embodiment, the optical system is located inside the
shutter-sliding module 11.

[0098] In addition, the measuring system 20 interacts
with a system signalling the degree of opening of the
valves, resulting from the relative position of the shutters
6. Data from the measuring system 20 is used by the
signalling system to send information about the degree of
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opening of the valves to the operator of the airbag 1. In
this embodiment, diodes located on the rescue air cush-
ion signal the degree of the opening of the valves. Data
can also be transmitted (in a wired or wireless manner) to
the system, where impact parameters are entered (e.g.
remote control, impact parameters identification system,
computer, etc.) for the control system 34.

[0099] The relative position of the shutters 6 is con-
trolled by the module 11 and a control system 34 with a
power source 35, which may be, e.g., a battery.

[0100] In this embodiment, the control system 34 is
equipped with a microcontroller with a memory contain-
ing an algorithm for adapting the rescue air cushion 1 to
the impact conditions (e.g. impact speed, mass of the
landing person, height of the fall of the landing person),
which calculates the optimal gas release from the cham-
bers 3, based on the data of the conditions entered into
the control system 34 (in a wired or wireless manner), by
determining the optimal overlap of the openings of the
rescue air cushion 4 with the first 9 and second openings
10, determining the position of the shutters 6 relative to
the side walls 5 and through-pockets 7. It then sends a
control signal to the shutter-sliding module 11, which
ensures the displacement of the shutter 6, and conse-
quently the appropriate overlap of the openings 4, 9 and
10, as well as the targetrelease of gas from chambers 3 of
the rescue air cushion 1, which should guarantee gentle
stopping of persons of different weights jumping from
different heights, landing on the rescue air cushion 1.
[0101] Communication between the operator and the
control system 34 may be wired or wireless. The wireless
method may be based on the transmission of information
using radio waves or optical infrared light waves. In both
cases, data transmission between the operator and the
control system is performed using digital signal modula-
tion.

[0102] The control system 34 can also be a combina-
tional digital system composed of discrete logic gates.
Part of the control system is a module which processes
signal from the relative position measuring system of the
shutter. The module can process the position using a
counter system that processes impulses from an optical
measuring system or encoder. If the position measure-
ment is represented by an electrical analogue quantity
(i.e. in the case of a measuring system comprising a
potentiometer or a linear measurement pattern), the
control system is equipped with an analogue-to-digital
converter. The position can also be inferred directly from
logical combinations as a result of electrical contact
between the electrical contacts of the cover and the
contacts located in the side wall or through-pocket.

Embodiment 2.

[0103] A system for the assembly according to the
invention implemented in the air cushion 1 as in embodi-
ment 1, except that the second openings 10 have the
same shape and size as the openings 4 located in the
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side walls of the rescue air cushion 1. The degree of
opening of the valves is indicated on a small screen
displaying information.

Embodiment 3.

[0104] A system for the assembly according to the
invention implemented in the airbag 1 as in embodiment
1, except that the shutter-sliding module 11 is equipped
with a pair of counter-rotating rotary drives, each of which
consists of a rotary motor 12 with a transmission 13,
brake 14, clutch 15 and a drum with bearing and located
in the housing of the sliding module, whereby the drum
and the bearings 17 are used to wind/unwind the shut-
ters. Moreover, the cover-sliding module 11 is equipped
with two limit switches that determine the maximum dis-
placement of the shutters 6 in both directions. Whereby,
the control system 34 processes data from the limit
switches and stops the rotary engines accordingly.

Embodiment 4.

[0105] System for the assembly according to the in-
vention implemented in the airbag 1 as in embodiment 1,
except that the shutter-sliding module 11, as shown in
Fig. 4, consists of two linear actuators 29 working in
opposite directions, which are connected to the shutters
6 by a metal cable 32 sliding inside a housing 33 (similar
to bicycle brakes). As the linear actuators 29 work in
opposite directions, the shutter 6 is pulled by one actuator
and pushed by the other. Due to the opposing arrange-
ment of the linear actuators 29, an effective displacement
of the shutters 6 in both directions is ensured. In this
embodiment, the actuators 29 are pneumatic, but electric
actuators may also be used. In addition, in this embodi-
ment, the compressed gas source is the same as the gas
source of the pneumatic frame 2. Separate gas sources
can also be used for the frame 2 and module 11.

Embodiment 5.

[0106] System for the assembly according to the in-
vention implemented in the airbag as in embodiment 1,
except that the shutter-sliding module 11 consists of a
linear actuator 29 and a pulling element 30 equipped with
a second spring 31 (e.g., with constant force). Whereby,
electric or pneumatic actuators 29 can be used.

[0107] Due to the opposing arrangement of the actua-
tor 29 and the pulling element 30, an effective displace-
ment of the shutters 6 in both directions is ensured.
Moreover, the use of a pulling element 30 with the second
spring 31 provides a "fail-safe" function, since in the event
of a malfunction or power failure, the shutter is brought to
a specific position, e.g. for air release according to the
design of current non-adaptive rescue air cushions.
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Embodiment 6.

[0108] System for the assembly according to the in-
vention implemented in the airbag 1 as in embodiment 1,
exceptthat the measuring system 20 is based on perfora-
tions for contact measurement 23 and a rotary displace-
ment sensor 24 that measures the position of the shutter
6 relative to the side wall 5 or through-pocket 7 based on
the contact between the fixed measuring wheel and the
movable shutter 6. In this embodiment, the drive of the
wheel is transferred to the shutter 6 according to the
principle of a belt with perforations of a fixed scale which
drives a gear (Fig. 5 - detail H) coupled (directly or
indirectly) with a shaft of the system that converts the
angular position of the measuring wheel into an electrical
signal. The rotary displacement sensor 24 may in parti-
cular be a multi-turn potentiometer and an encoder (e.g.
with an optical or magnetic transducer, incremental or
absolute). Whereby, in this embodiment, the sensor 24 is
located inside the sliding module 11.

[0109] Driving force can be transferred to the wheel by
friction (if perforations 23 are omitted).

Embodiment 7.

[0110] A system for the assembly according to the
invention implemented in the air cushion as in embodi-
ment 1, except that the measuring system 20 consists of
the first three contact elements 25 located on the shutter
6 and the corresponding second three contact elements
26 located on the through-pocket 7 or shutter 5 of the
rescue air cushion 1 (Fig. 5 - detail J). The relative
position of the shutter 6 is measured by electrical contact
between the contact elements 25 and 26. Electrical con-
tact between the fixed and movable contacts is provided
by the placement of elastic material (e.g. with a sponge-
like structure, a pressure spring) exerting pressure on the
electrical contacts. Whereby, displacement of the contact
elements relative allows for different resolution of the
measurement release valves opening.

Embodiment 8.

[0111] System for the assembly according to the in-
vention implemented in the airbag 1 as in embodiment 4,
except that the linear actuators 29 are electric actuators.
Moreover, the shutter-sliding module 11 is equipped with
two limit switches that determine the maximum displace-
ment of the shutters 6 in both directions. The measuring
system 20 consists of a measuring ruler (Fig. 5 - detail K).
Resistance ruler, magnetic ruler or capacitive ruler can
be used. The relative position of the shutter 6 is deter-
mined by the displacement of the measurement pat-
tern27 relative to the measurement point 28. The mea-
surement pattern can be located both on the shutter 6,
and on the side wall 5 or through-pocket 7.
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Embodiment 9.

[0112] A system for the assembly according to the
invention implemented in the air cushion as in embodi-
ment 1, except that the openings 4 in the side walls 5 of
the airbag 1 are arranged in two columns near each
vertical edge of the side walls 5, and each of these
columns has a separate sliding shutter 6 and a
through-pocket 7.

Embodiment 10.

[0113] An airbag assembly according to the invention
consisting of a pneumatic frame 2 and an airbag with one
chamber 3 spread on it, with openings 4 arranged in a
single column located near the edges of its side walls 5.
Moreover, the airbag 1 in the side wall has a pocket for a
compressed air tank.

[0114] The airbag 1 is equipped with a system accord-
ing to embodiment 1, except that the shutter 6 and the
through-pocket 7 are not divided into parts and the hinge
8 is not present. In the upper plane of the pneumatic
frame 2 there is a pneumatic element in the shape of a
Cross.

Embodiment 11.

[0115] An airbag assembly according to the invention
consisting of a pneumatic frame 2 and an airbag with
three chambers 3 spread on it, with openings 4 arranged
in two columns located near the edges of its side walls 5.
The airbag 1 is equipped with a system according to
embodiment 1, except that the shutter 6 and the
through-pocket 7 are divided into three parts. Moreover,
the individual parts of the shutter 6 are connected by
hinges 8 made, for example, from a piece of non-stretch-
ing fabric. In the upper plane of the pneumatic frame 2
there is a flat chamber connected to the frame 2, which
increases the relative rigidity of the airbag 1 and provides
favourable squeeze characteristics.

Embodiment 12.

[0116] In this embodiment, the airbag assembly con-
sists of a pneumatic frame 2 and an airbag with two
chambers 3, one on top of the other, spread on the frame.
Moreover, the airbag 1 in the side wall has a pocket for a
compressed air tank. The openings 4 are arranged in two
rows located in the middle of the side wall (one in the
upper chamber, the other in the lower chamber) symme-
trically to the edge dividing the airbag 1 into chambers 3.
[0117] The airbag 1 is equipped with a system accord-
ing to embodiment 1, except that the location and move-
ment of the shutter 6 is adapted to the row arrangement.

Embodiment 13.

[0118] Theairbag1asinembodiment 12, exceptthatit
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has three chambers arranged one on top of the other, and
the openings 4 are arranged in a single row located near
each horizontal edge of the chambers, i.e., in the areas
corresponding to the division of the airbag 1 into cham-
bers 3.

Embodiment 14.

[0119] In this embodiment, the airbag assembly con-
sists of a pneumatic frame 2 and an airbag spread on it
with three chambers 3, located one next to the other. The
openings 4 are arranged in a single row located near the
horizontal edge of the side wall. Whereby, each of the
three chambers 3 is divided horizontally into two sub-
chambers.

[0120] The airbag 1 is equipped with a system accord-
ing to embodiment 1, except that the location and move-
ment of the shutter 6 is adapted to the row arrangement.

Claims

1. An airbag assembly, in particular a rescue air cush-
ion, consisting of a pneumatic frame and an airbag
supported by it, wherein the airbag has at least one
chamber (3) and openings (4) arranged in at least
one column located near the vertical edges of its side
walls (5) orin at least one row located by at least one
horizontal edge of the side wall (5), basically in the
middle of the side wall (5) or at the horizontal edge of
the chamber (3), characterized in
that the airbag comprises a system of adaptative
release valves, wherein the at least one column or
row is combined with at least one sliding shutter (6)
with the first openings (9) and at least one through-
pocket (7) with second openings (10), wherein the
shutter (6) is placed between the side wall (5) and the
through-pocket (7), and the side wall (5) and the
through-pocket (7) provide a guide for the shutter
(6) controlled by a shutter-sliding module (11), which
is connected to a control system (34) and power
source (35).

2. Airbag assembly according to claim 1, character-
ized in that the shutter-sliding module (11) is
equipped with a rotary actuator (12) and at least
one spring (19) or a pair of counter-rotating rotary
actuators (12) or a linear actuator (29) and a pull-
element (30) or a pair of linear actuators (29) working
in opposite directions.

3. Airbag assembly according to claim 1 or 2, charac-
terized in that the control system (34) is equipped
with a microcontroller with a memory containing an
algorithm for adapting the airbag (1) to the impact
conditions, which is configured to calculate the opti-
mal gas release from the at least one chamber (3),
based on the data of the expected impact conditions
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entered into the control system (34), by determining
the optimal overlap of the openings (4) in the side
walls (5) of the airbag (1) with the first (9) and second
openings (10), determining the position of the shut-
ters (6) relative to the side walls (5) and through-
pockets (7) wherein it is configured to then send a
control signal to the shutter-sliding module or sends
information about the intended overlap and position
to the shutter-sliding module (11), whereby impact
conditions data constitute at least one parameter,
which includes the weight of the landing person,
impact speed, height, or a combination thereof.

Airbag assembly according to any of the preceding
claims 1-3, characterized in that the shutter (6) and
the through-pocket (7) have two parts, and between
the two parts of the shutter (6) there is a hinge (8).

Airbag assembly according to any of the preceding
claims 1-4, characterized in that the shutter-sliding
module (11) is equipped with a system (20) for mea-
suring the position of the first openings (9) of the
shutter (6) relative to the openings (4) in the side
walls (5) and the second openings (10) of the
through-pocket (7).

Airbag assembly according to any of the preceding
claims 1-5, characterized in that the shutter-sliding
module (11) is equipped with one or two limit
switches.

Airbag assembly according to claim 5, character-
ized in that the measuring system (20) consists of at
least one row of perforation for non-contact mea-
surement (21) on the shutter (6) and at least one
optical sensor (22) consisting of an emitter and a
receiver.

Airbag assembly according to claim 5 or 6 when
dependent on claim 5, characterized in that the
measuring system (20) consists of at least one
row of perforation for contact measurement (23)
and a rotary displacement sensor (24).

Airbag assembly according to claim 5 or claim 6
when dependent on claim 5, characterized in that
the measuring system (20) consists of at least the
first two contact elements (25) located on the shutter
(6) and the corresponding second contact elements
(26) located on the through-pocket (7) or on the side
wall (5) of the airbag (1).

Airbag assembly according to claim 5 or claim 6
when dependent on claim 5, characterized in that
the measuring system (20) consists of a measuring
ruler.

Airbag assembly according to claim 5, claim 6 when
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12.

13.

14.

22

dependent on claim 5, or any of the claims 7-10,
characterized in that the measuring system (20)itis
coupled with a system indicating the degree of open-
ing of the release valves.

Airbag assembly according to claim 1 characterized
in that in the upper plane of the pneumatic frame (2)
there is a pneumatic element in the shape of a cross
or a flat chamber.

Airbag assembly according to claim 1 or 12 char-
acterized in that it comprises at least two chambers
(3) arranged side by side or one on top of the other.

Airbag assembly according to claim 13 character-
ized in that at least one chamber (3) is divided
horizontally or vertically into at least two sub-cham-
bers.

Patentanspriiche

1.

Airbagsystem, insbesondere Sprungkissen, mit ei-
nem pneumatischen Rahmen und einem von die-
sem getragenen Airbag, wobei der Airbag mindes-
tens eine Kammer (3) und Offnungen (4) hat, die in
mindestens einer Spalte nahe den vertikalen Kanten
der Seitenwande (5) oder in mindestens einer Reihe
an mindestens einer horizontalen Kante der Seiten-
wande (5) angeordnet sind, im Wesentlichen in der
Mitte der Seitenwande (5) oder an der horizontalen
Kante der Kammer (3) , dadurch gekennzeichnet,
dass der Airbag eine adaptive Ablassventilanord-
nung umfasst, bei der mindestens eine Spalte oder
Reihe mit mindestens einer mit ersten Offnungen (9)
versehenen verschiebbaren Blende (6) und mindes-
tens einer mit zweiten Offnungen (10) versehenen
Durchgangstasche (7) nebeneinander angeordnet
ist, wobei der Verschluss (6) zwischen der Seiten-
hiille (5) und der Durchgangstasche (7) positioniert
istund die Seitenhdille (5) und die Durchgangstasche
(7) eine Fihrung fir den Verschluss (6) bilden, der
durch das Modul zur Verschiebung von Blenden (11)
gesteuert wird, das mit dem Steuersystem (34) und
der Energiequelle (35) verbunden ist.

Airbagsystem nach Anspruch 1, dadurch gekenn-
zeichnet, dass das Modul zur Verschiebung von
Blenden (11) auf einem Drehantrieb (12) und min-
destens einer Feder (19) oder einem Paar gegen-
laufig angeordneter Drehantriebe (12) oder einem
Linearantrieb (29) und einem Riickzugselement (30)
oder einem Paar gegenlaufig angeordneter Linear-
antriebe (29) basiert.

Airbagsystem nach Anspruch 1 oder 2, dadurch
gekennzeichnet, dass das Steuersystem (34) mit
einem Mikrocontroller mit einem Speicher versehen
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ist, der einen Algorithmus zur Anpassung des Air-
bags (1) an die Aufprallbedingungen enthalt, der
aufgrund der in das Steuersystem (34) eingegebe-
nen Daten der prognostizierten Aufprallbedingun-
gen den optimalen Gasaustritt aus mindestens einer
Kammer (3) berechnet, indem er die optimale Uber-
lappung der Offnungen (4) in den Seitenhiillen (5)
des Airbags (1) mit den ersten (9) und den zweiten
Offnungen (10) bestimmt, durch Bestimmen der Po-
sition der Offnungen (6) in Bezug auf die Seiten-
hillen (5) und die Durchgangstaschen (7), und dann
entweder ein Steuersignal an das Modul zur Ver-
schiebung von Blenden sendet oder Informationen
iiber die bestimmte Uberlappung und Position an
das Modul zur Verschiebung von Blenden (11) sen-
det, wobei die Aufprallbedingungsdaten mindestens
ein Parameter sind, der Landemasse, Aufprallge-
schwindigkeit, Hohe oder eine Kombination davon
umfasst.

Airbagsystem nach einem der vorhergehenden An-
spriche 1 bis 3, dadurch gekennzeichnet, dass
die Blende (6) und die Durchgangstasche (7) zwei-
teilig sind und zwischen den beiden Teilen der Blen-
de (6) ein Scharnier (8) angeordnet ist.

Airbagsystem nach einem der vorhergehenden An-
spriche 1 bis 4, dadurch gekennzeichnet, dass
das Modul zur Verschiebung von Blenden (11) mit
einem Messsystem (20) zur Messung der relativen
Position der ersten Offnungen (9) der Blende (6) in
Bezug auf die Offnungen (4) in den Seitenhiillen (5)
und die zweiten Offnungen (10) der Durchgangs-
tasche (7) versehen ist.

Airbagsystem nach einem der vorhergehenden An-
spriiche 1 bis 5, dadurch gekennzeichnet, dass
das Modul zur Verschiebung von Blenden (11) mit
einem oder zwei Grenzwertschaltern versehen ist.

Airbagsystem nach Anspruch 5, dadurch gekenn-
zeichnet, dass das Messsystem (20) mindestens
aus einer Reihe von Perforationen zur beriihrungs-
losen Messung (21) auf der Blende (6) und mindes-
tens einem optischen Sensor (22) mit einem Sender
und einem Empfanger besteht.

Airbagsystem nach einem der vorhergehenden An-
spruche 5 bis 6, wenn abhangig von Anspruch 5,
dadurch gekennzeichnet, dass das Messsystem
(20) mindestens aus einer Reihe von Perforationen
zur kontaktierenden Messung (23) und einem Dreh-
wegsensor (24) besteht.

Airbagsystem nach einem der vorhergehenden An-
spriiche 5 bis 6, wenn abhangig von Anspruch 5,
dadurch gekennzeichnet, dass das Messsystem
(20) mindestens aus zwei ersten Kontaktelementen
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(25), die an der Blende (6) angeordnet sind, und zwei
entsprechenden zweiten Kontaktelementen (26),
die an der Durchgangstasche (7) oder in der Seiten-
hiille (5) des Airbags (1) angeordnet sind, besteht.

Airbagsystem nach einem der vorhergehenden An-
spriiche 5 bis 6, wenn abhangig vom Anspruch 5,
dadurch gekennzeichnet, dass das Messsystem
(20) aus einem Messlineal besteht.

Airbagsystem nach Anspruch 5, Anspruch 6, wenn
abhangig vom Anspruch 5, oder einem der Anspri-
che 7 bis 10, dadurch gekennzeichnet, dass das
Messsystem (20) mit einem System zur Anzeige des
Offnungsgrades der Ablassventile gekoppelt ist.

Airbagsystem nach Anspruch 1, dadurch gekenn-
zeichnet, dass eine kreuzférmige oder flache Kam-
mer in der oberen Ebene des pneumatischen Rah-
mens (2).

Airbagsystem nach Anspruch 1 oder 12, dadurch
gekennzeichnet, dass sie mindestens zwei neben-
einander oder (ibereinander angeordnete Kammern
(3) umfasst.

Airbagsystem nach Anspruch 13, dadurch gekenn-
zeichnet, dass mindestens eine Kammer (3) hori-
zontal oder vertikal in mindestens zwei Unterkam-
mern unterteilt ist.

Revendications

Un systéme de coussin de chute, en particulier un
coussin de sauvetage, comprenant un cadre gon-
flable et un coussin de chute supporté par celui-ci. Le
coussin de chute comprend au moins une chambre
(3) et des orifices (4) disposées dans au moins une
colonne située a proximité des bords verticaux des
parois latérales (5), ou dans au moins une rangée
positionnée prés d’au moins un bord horizontal des
parois latérales (5), généralement au centre desdi-
tes parois latérales (5), ou bien au bord horizontal de
la chambre (3). Il est caractérisé en ce que le
coussin de chute intégre un dispositif de soupapes
de purge adaptative. Ce dispositif comprend au
moins une colonne ou une rangée adjacente a un
volet mobile (6) dotée de premiers orifices (9), ainsi
gu’au moins une poche de passage (7) dotée de
deuxiémes orifices (10). Le volet (6) est positionné
entre la paroi latérale (5) et la poche de passage (7).
La paroi latérale (5) et la poche de passage (7)
forment ensemble un guide pour le volet (6). Ce-
lui-ci est commandé par un module de déplacement
des volets (11), connecté au systéme de commande
(34) et a la source d’énergie (35).
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Le systéme de coussin de chute selon la revendica-
tion 1 est caractérisé en ce que le module de
déplacement des volets (11) est établi sur un entrai-
nement rotatif (12) et au moins une suspension
élastique (19) ou une paire d’entrailnements rotatifs
(12) disposés de maniére opposée, ou un actionneur
linéaire (29) et un élément d’extraction (30), ou une
paire d’actionneurs linéaires (29) disposés de ma-
niére opposeée.

Le systéme de coussin de chute selon la revendica-
tion 1 ou 2 est caractérisé en ce que le systeme de
commande (34) est équipé d’'un microcontrbleur
avec une mémoire contenant un algorithme d’adap-
tation du coussin de chute (1) aux conditions d’im-
pact. Sur la base des données des conditions d’im-
pact prévues introduites dans le systeme de
commande (34), le systéme calcule la purge opti-
male des gaz d’au moins une chambre (3). Cela se
fait par la détermination du chevauchement optimal
des orifices (4) dans les parois latérales (5) du cous-
sin de chute (1) avec les premiers orifices (9) et les
deuxiémes orifices (10), en déterminant la position
des volets (6) relativement aux parois latérales (5) et
aux poches de passage (7). Le systéme envoie
ensuite un signal de commande au module de dé-
placement des volets, ou transmet des informations
sur le chevauchement et la position déterminés au
module de déplacement des volets (11). Les don-
nées relatives aux conditions d'impact comprennent
au moins un parametre tel que la masse de la per-
sonne atterrissant, la vitesse d’'impact, la hauteur de
chute ou une combinaison de ces parameétres.

Le systeme de coussin de chute selon les revendi-
cations 1 a 3 précédentes est caractérisé en ce que
le volet (6) et la poche de passage (7) sont chacun
constitués de deux éléments et qu’une charniére (8)
est située entre les deux parties du volet (6).

Le systéme de coussin de chute selon 'une des
revendications 1 a 4 précédentes est caractérisé
en ce que le module de déplacement des volets (11)
est muni d’un systeme de mesure (20) pour mesurer
la position relative des premiers orifices (9) du volet
(6) par rapportaux orifices (4) des parois latérales (5)
et aux deuxiemes orifices (10) de la poche de pas-
sage (7).

Le systeme de coussin de chute selon les revendi-
cations 1 a5 précédentes est caractérisé en ce que
le module de déplacement des volets (11) est muni
d’un ou deux capteurs de fin de course.

Le systéme de coussin de chute selon la revendica-
tion 5 est caractérisé en ce que le systétme de
mesure (20) comprend au moins une rangée de
perforations pour une mesure sans contact (21)
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effectuée dans le volet (6) et au moins un capteur
optique (22) comprenant un émetteur et un récep-
teur.

Le systeme de coussin de chute selon les revendi-
cations 5 a 6 précédentes, lorsqu’ils dépendent de la
revendication 5, est caractérisé en ce que le sys-
téeme de mesure (20) comprend au moins une ran-
gée de perforations pour une mesure par contact
(23) et un capteur de déplacement rotatif (24).

Le systeme de coussin de chute selon les revendi-
cations 5 a 6 précédentes, lorsqu’ils dépendent de la
revendication 5, est caractérisé en ce que le sys-
teme de mesure (20) comprend au moins deux pre-
miers éléments connecteurs (25) positionnés sur le
volet (6), et deux deuxiémes éléments connecteurs
correspondants (26) positionnés sur la poche de
passage (7) ou dans la paroi latérale (5) du coussin
de chute (1).

Le systéme de coussin de chute selon les revendi-
cations 5 a 6 précédentes, lorsqu’ils dépendent de la
revendication 5, est caractérisé en ce que le sys-
téeme de mesure (20) comprend une reégle graduée.

Le systéme de coussin de chute selon I'une des
revendications 5 ou 6, lorsqu’elle est dépendante
de la revendication 5, ou des revendications 7 a 10,
est caractérisé en ce que le systéme de mesure
(20) estrelié a un dispositif de signalisation du degré
d’ouverture des soupapes de purge.

Le systéme de coussin de chute selon la revendica-
tion 1 est caractérisé en ce que, dans le plan
supérieur du cadre pneumatique (2), se trouve un
élément pneumatique en forme de croix ou de cham-
bre plate.

Le systéme de coussin de chute selon la revendica-
tion 1 ou 12 est caractérisé en ce qu’il comprend au
moins deux chambres (3), disposées I'une a coté de
I'autre ou I'une au-dessus de l'autre.

Le systéme de coussin de chute selon la revendica-
tion 13 est caractérisé en ce qu’au moins une
chambre (3) est divisée, en position horizontale ou
verticale, en au moins deux sous-chambres.
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