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(54) BACKPACK PROVIDED WITH SECURING MEMBERS HAVING AN AUXETIC STRUCTURE

(57) A backpack includes a hollow body (12) for con-
taining objects, from which a harness (14) extends for
connecting it to a user, which includes a pair of elongated
shoulder straps (16) with auxetic properties, the opposite
longitudinal ends of which are fixed to the hollow body
(12). The shoulder straps (16) comprise a core (18) of
substantially elastic expanded plastic material in which
a lattice of through openings (20) is formed, consisting
of hollow cells of a predetermined shape with a plurality
of corners. The core (18) is inserted into a covering
sheath (22) at least partially porous or net-shaped, hav-
ing a reduced elasticity compared to that of the core (18),
the core (18) and the sheath (22) being connected by
mutual fixing means (24) at an intermediate zone thereof
to keep them fast with each other and to limit the longi-
tudinal expansion and contraction of the core (18) with
respect to the sheath (22). The backpack (10) also in-
cludes a waist belt (26) having auxetic properties similar
to those of the shoulder straps (16).
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Description

[0001] The present invention relates to a backpack pro-
vided with securing members having an auxetic struc-
ture.
[0002] A backpack comprises, in a per se known man-
ner, a hollow body of flexible material having the function
of a casing for objects to be transported, to which secur-
ing members are fixed which constitute a harness to allow
a user to carry it, which harness comprises a pair of shoul-
der straps intended to surround the user’s shoulders. The
harness may also include a waist belt designed to sur-
round the user’s waist. The shoulder straps and the waist
belt, when the latter is provided, normally include an inner
padding layer, or core, with the purpose to make carrying
the backpack more comfortable for the user.
[0003] However, the shoulder straps of conventional
backpacks are subjected under load conditions to a trac-
tion force which causes them to shrink, i.e. a contraction
transverse to the direction of application of the traction,
with the consequence of an increase in pressure at the
user’s shoulders which involves a concentration of the
load in a restricted area, which causes inconvenience
during the transportation.
[0004] Auxetic structures are structures having a neg-
ative Poisson’s ratio (or transverse expansion coeffi-
cient). While conventional structures subjected to tension
along one direction contract in the direction transverse
to that of the stress, auxetic structures subjected to ten-
sion dilate in the direction transverse to that of the applied
traction force.
[0005] Typically, materials used to create auxetic
structures consist of low-density plastic elements with
high fracture resistance, for example of the expanded
foam type. Such materials can be provided with a lattice
of through openings having a predetermined shape,
which in particular includes corners that delimit the open-
ings together with the relative sides, and which constitute
hinged areas of the openings to allow bending of the rel-
ative material.
[0006] A backpack provided with securing members in
the form of shoulder straps having an auxetic structure
is known from patent document CN-103689898-A, which
describes a backpack provided with shoulder straps of
auxetic material. The shoulder straps of the backpack of
this document include an outer covering sheath config-
ured like the outer sheaths of the conventional shoulder
straps, into which a core is inserted, consisting of a con-
tinuous layer of a padding material with auxetic proper-
ties, the opposite ends of the sheaths of the shoulder
straps and of the auxetic padding material being con-
nected to the hollow body of the relevant backpack. More
specifically, the side edges of the continuous layer of
auxetic material are linear and substantially straight in a
manner corresponding to the shape of the side edges of
the outer covering sheath which must be wider than the
auxetic padding layer in the undeformed condition, so
that when the shoulder straps are subjected to a longi-

tudinal traction force, the auxetic material expands trans-
versely filling the relative outer covering sheath.
[0007] However, the structure of the shoulder straps
of this document has, owing to its construction, a limited
auxetic effect and, considering that the outer covering
sheath of the shoulder straps is usually made of fabric,
often with waterproof characteristics, this does not facil-
itate the user’s perspiration but rather it forms a barrier
that promotes the concentration and stagnation of the
user’s sweat. Furthermore, due to the fact that the pad-
ding core of the shoulder straps is substantially free inside
the relative covering sheath, during the transportation of
the backpack, especially in the case of a high load of the
backpack, owing to the succession of steps of the user,
a successive series of extensions and contractions of the
padding core may occur which determine an elastic re-
bound effect, so-called "Yo-Yo", of the shoulder straps
and backpack which can make its transportation quite
uncomfortable.
[0008] In order to solve these drawbacks, the object of
the invention is a backpack provided with securing mem-
bers with an auxetic structure having the features men-
tioned in the attached claims.
[0009] More particularly, in the backpack according to
the invention, the shoulder straps comprise a core of sub-
stantially elastic expanded plastic material in which a lat-
tice of through openings is formed which consist of hollow
cells having a predetermined shape and a plurality of
corners, which core is inserted inside a covering sheath
at least partially porous or net-shaped and having a re-
duced elasticity compared to that of the core, said core
and said sheath being connected by mutual fastening
means at least at one intermediate zone of their longitu-
dinal extension in order to keep them fast with each other
and to limit the longitudinal expansion and contraction of
the core with respect to the sheath.
[0010] By virtue of these features, the backpack of the
invention is particularly comfortable for the user as the
shoulder straps subjected to traction due to the effect of
the transported load dilate transversally as a result of
their auxetic structure, reducing the pressure localized
at the user’s shoulders and, as a result of the dilation of
the hollow cells of the lattice of the through openings of
the core and the presence of the at least partially porous
or net-shaped outer covering, they favor the user’s per-
spiration and considerably limit the stagnation of sweat.
[0011] Furthermore, by virtue of the fact that the sheath
of the shoulder straps has a reduced elasticity compared
to that of the core, and to the fact that the core and the
sheath are made fast by their mutual fixing in at least an
intermediate zone of their longitudinal extension, the re-
bound effect of the backpack due to the succession of
the user’s steps is substantially cancelled.
[0012] According to a preferred feature of the inven-
tion, the core of the shoulder straps has a substantially
laminar shape with opposite longitudinal edges provided
with an at least partially jagged profile defined by a suc-
cession of recesses at a series of said through openings
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adjacent to said longitudinal edges.
[0013] This makes it possible to increase the auxetic
characteristics of the core of the shoulder straps, and
therefore to obtain a more pronounced auxetic effect of
the shoulder straps than previously known.
[0014] According to another preferred feature of the
invention, an inner side of the covering sheath of the
shoulder strap, intended to face the user in the use of
the backpack, is perforated or net-shaped, and the op-
posite outer side of said sheath comprises at least one
portion of fabric and at least one perforated or net-shaped
portion.
[0015] These features allow the backpack shoulder
straps to be highly breathable, while maintaining their
solidity and resistance characteristics.
[0016] According to yet another preferred feature, the
backpack of the invention comprises a waist belt includ-
ing two substantially symmetrical side portions, each of
which has a first end fixed to said hollow body and a
second end which can be connected in an adjustable
manner to the corresponding end of the other portion in
order to adapt to the user’s waist, both said waist belt
portions comprising a core of substantially elastic ex-
panded plastic material in which a lattice of through open-
ings is formed which consist of hollow cells having a pre-
determined shape and a plurality of corners, which core
is inserted inside a respective covering sheath at least
partially porous or net-shaped and having a reduced
elasticity with respect to that of the core of said waist belt
portions.
[0017] This waist belt with auxetic structure allows the
backpack to be securely fastened to the user’s waist and
to avoid, by virtue of the transversal dilation under stress
of its side portions, the concentration of loads at the waist
which, with a prolonged use of the backpack, could cause
discomfort to the user.
[0018] According to a further preferred feature of the
invention, the covering sheath of each waist belt portion
has an inner side, intended to face the user in the use of
the backpack, which is net-shaped or perforated, and an
outer side, opposite to the inner side, which includes at
least one portion of fabric and at least one net-shaped
or perforated portion.
[0019] This allows the side portions of the waist belt to
be also breathable.
[0020] According to yet a further preferred feature of
the invention, the core of each waist belt portion has a
substantially laminar shape with the opposite longitudinal
edges having an at least partially jagged profile defined
by a succession of recesses at a series of said through
openings adjacent to said longitudinal edges.
[0021] In this manner, even the portions of the waist
belt are able to determine a significant auxetic effect, to
the full advantage of the user’s comfort.
[0022] Further characteristics and advantages of the
invention will be more evident from the following detailed
description, provided purely by way of non-limiting ex-
ample, and referring to the attached drawings which

show a preferred embodiment and some modifications,
in which:

- Figure 1 is an exterior perspective view of a backpack
according to the invention,

- Figure 2 is a view of the backpack of Figure 1 from
its inner part facing the back of a user, with partially
broken portions of a shoulder strap and a of a portion
of the waist belt,

- Figure 3 is a view of a shoulder strap or a side portion
of the waist belt of the backpack sectioned trans-
versely along the line A-A or along the line B-B, re-
spectively, of Figure 2,

- Figures 4 and 5 are elevational views from the exte-
rior side and internal side, respectively, of a shoulder
strap of the backpack of the invention,

- Figure 6 is an elevational view of a first modification
of the padding core with auxetic structure of a shoul-
der strap of the backpack of the invention,

- Figures 7 to 9 are views similar to Figure 6 which
show three other constructional modifications of the
core of a shoulder strap of a backpack according to
the invention,

- Figures 10 and 11 are elevational views showing a
side portion of a waist belt of the backpack according
to the invention, respectively from its internal side
and from its exterior side, the other side portion of
the waist belt having a corresponding structure, and

- Figures 12 and 13 are elevational views of two con-
structional modifications of the core of a side portion
of the waist belt of the backpack according to the
invention.

[0023] With reference to the figures, a backpack ac-
cording to the invention is indicated 10 as a whole. The
backpack 10, in a per se known manner, includes a hol-
low body 12 of substantially flexible material which per-
forms the function of a casing for objects to be transport-
ed.
[0024] A harness, indicated 14 as a whole, extends
from the body 12 and allows the backpack 10 to be firmly
connected to the back of a user.
[0025] The harness 14 includes a pair of shoulder
straps 16 having an elongated general shape, the oppo-
site longitudinal ends of which are adapted for being fixed
to the body 12, one of their upper ends being fixed directly
to the top of the body 12, while one of their lower ends
can be fixed in an adjustable manner via a buckle at the
base portion of the backpack 10.
[0026] Each shoulder strap 16 includes a core 18 of
substantially elastic expanded plastic material having
auxetic properties, in which a lattice of through openings
20 is formed, made up of hollow cells having a predeter-
mined shape and provided with a plurality of corners
which constitute hinged areas of the aforementioned
openings 20, to allow the bending of the relative expand-
ed material at these hinged areas in order to perform the
auxetic function.
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[0027] The core 18, which generally has a thickness
of the order of a centimetre, is usually made up of a sheet
or lamina of expanded plastic material such as EVA (Eth-
ylene and Vinyl Acetate Copolymer), EPE (Expanded
Polyethylene), PU (Expanded Polyurethane) , EPP (Ex-
panded Polypropylene), or intrinsically auxetic expanded
fibers and foams.
[0028] The through openings 20 are preferably formed
in the sheet of material 18 as a result of a shearing op-
eration.
[0029] More particularly, each cell formed in the ex-
panded material of the core 18 can be shaped in various
ways, it being preferable for this application to use an
ordered series of close-by openings 20 shaped like a
"reentrant hexagon" (see the openings 20 shown in Fig-
ures 6 at 8) or "arrowhead" (see openings 20 shown in
Figure 9).
[0030] A core 18 structured in this manner may be de-
void of through openings 20 close to its opposite longi-
tudinal ends adapted for being fixed to the hollow body
12, as shown in Figures 7 and 9, or have through open-
ings also close to these ends, as shown in particular in
Figure 8.
[0031] Furthermore, the opposite longitudinal edges of
the core 18 of the shoulder straps 16 have an at least
partially jagged profile defined mostly by a succession of
recesses 19 at a series of the through openings 20 most
adjacent to these longitudinal edges, which allows to in-
crease the auxetic effect of the cores 18.
[0032] Each core 18 of a relative shoulder strap 16 is
inserted inside a covering sheath 22 including a part 22a,
conveniently arranged outside, having a compact and
slightly elastically deformable structure, typically made
of fabric, possibly treated so as to be waterproof, and a
part 22b having a breathable and more elastic structure,
usually consisting of a net or a perforated covering.
[0033] In particular, the sheath 22 is arranged so as to
have a reduced elasticity compared to that of the core
18, so as to constitute a limit with respect to the longitu-
dinal elastic extension of the relevant core 18.
[0034] Moreover, to keep the core 18 and the sheath
22 fast with each other, these are fixed to each other by
fastening means consisting for example of one or more
seams 24 at least at an intermediate zone of their longi-
tudinal extension, which contributes to keep the core 18
and the sheath 22 coupled together as well as to limit the
longitudinal expansion and contraction of the core 18 with
respect to the sheath 22.
[0035] The parts 22a and 22b are preferably made by
means of variously interwoven fibers based on: Polya-
mide, Polyester, Polypropylene, Polyethylene, Aramid,
Elastane (Polyurethane) or fibers of vegetable origin
(such as cotton, hemp, banana, and the like).
[0036] More specifically, the covering sheath 22 of the
shoulder straps 18 has an inner side, intended to face
the user when using the backpack 10, made by means
of a net or perforated structure, and an outer side, oppo-
site to the inner side, comprising at least one portion of

fabric and at least one net or perforated portion, prefer-
ably a pair of fabric end portions 22b between which an
intermediate net-portion 22a is interposed.
[0037] Conveniently, a first end portion of each shoul-
der strap 16 intended to be connected to the top part of
the backpack 10 is made of a fabric 22b having a porous
structure, for example obtained by forming a series of
small through holes 22c therein.
[0038] In the most general case, the harness 14 of the
backpack 10 also includes a waist belt 26 which includes
two substantially symmetrical side band portions 26a,
26b, each of which has a first end fixed to the hollow body
12 of the backpack 10 close to its base portion, and a
second end connectable with the corresponding end of
the other band portion in an adjustable manner via a
buckle 28, in order to adapt to the user’s waist.
[0039] Both the band portions 26a and 26b of the waist
belt 26 comprise a core 18a of substantially elastic ex-
panded plastic material, entirely similar to the core 18 of
the shoulder straps 16, in which a lattice of through open-
ings 20 is formed, preferably by shearing, consisting of
hollow cells of a predetermined shape, also completely
similar to the openings 20 of the core 18 of the shoulder
straps 16.
[0040] Each core 18a of a portion 26a, 26b of the waist
belt 26 is inserted inside a relative covering sheath 23
which has a reduced elasticity compared to that of the
core 18a and which is at least partially net-shaped or
perforated.
[0041] More specifically, the covering sheath 23 of the
portions 26a, 26b of the waist belt 26 has an inner side
made by a net or perforated structure 23a completely
similar to the net or perforated portion 22a of the sheath
18 of the shoulder straps 16, and an outer side, opposite
to the inner side, which preferably includes a pair of fabric
end portions 23b between which an intermediate net-
shaped or perforated portion 23a is interposed, as de-
scribed above in relation to the outer side of the shoulder
straps 16.
[0042] Even in the case of the cores 18a of the portions
of the waist belt 26, they have a substantially laminar or
sheet shape with opposite longitudinal edges having an
at least partially jagged profile, defined by a succession
of recesses 19 at a series of said through openings 20
most adjacent to the relative longitudinal edges, these
cores 18a lacking of through openings 20 in the areas
close to their opposite longitudinal ends.
[0043] In the use of the backpack 10, the load of the
objects contained in the hollow body 12 subjects the
shoulder straps 16 to a traction force which tends to
lengthen them within the elongation limit allowed by the
elasticity of the sheath 22 and by the mutual connection
means 24 between the sheath 22 and the relative core 18.
[0044] As a result of the application of this force, the
shoulder straps 16 expand transversely due to their aux-
etic structure, whereby the load of the backpack is dis-
tributed over a larger area of the user’s shoulders, which
makes it more comfortable carrying the backpack 10.
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[0045] Furthermore, by virtue of the structure of the
shoulder straps 16, the transpiration of the user’s shoul-
der area at the shoulder straps 16 is favored, which oc-
curs through the inner net side 22a, the openings 20 of
the core 18 which widen, and the area of fabric 22b of
the sheath with the small holes 22c, as well as through
the net 22a of the outer side of the sheath 22 of the shoul-
der straps 16.
[0046] When the user of the backpack 10 tightens the
waist belt 26 of the backpack 10 around the waist, the
two band portions 26a and 26b of this belt extend trans-
versely, also in this case improving the user’s comfort
and promoting breathability in the area close to the waist.

Claims

1. Backpack comprising a hollow body (12) of substan-
tially flexible material having the function of a casing
for containing objects, from which a harness (14) ex-
tends for connection thereof to a user, which harness
(14) comprises a pair of elongated shoulder straps
(16) having auxetic properties, the opposite longitu-
dinal ends of which are suitable for being fixed to
said hollow body (12),
characterized in that the shoulder straps (16) com-
prise a core (18) of substantially elastic expanded
plastic material in which a lattice of through openings
(20) is formed which consist of hollow cells having a
predetermined shape and a plurality of corners,
which core (18) is inserted inside a covering sheath
(22) at least partially porous or net-shaped and hav-
ing a reduced elasticity with respect to that of the
core (18), said core (18) and said sheath (22) being
connected by mutual fastening means (24) at least
at one intermediate zone of their longitudinal exten-
sion in order to keep them fast with each other and
to limit the expansion and the longitudinal contraction
of the core (18) with respect to the sheath (22).

2. Backpack according to claim 1, characterized in
that the core (18) of the shoulder straps (16) has a
substantially laminar shape with opposite longitudi-
nal edges provided with an at least partially jagged
profile defined by a succession of recesses (19) at
a series of said through openings (20) adjacent to
said longitudinal edges.

3. Backpack according to claim 1 or 2, characterized
in that said core (18) lacks through openings (20)
at an area close to its opposite longitudinal ends
adapted for being fixed to said hollow body (12).

4. Backpack according to any one of claims 1 to 3, char-
acterized in that an inner side of the covering sheath
(22) of the shoulder straps (16), intended to face the
user in the use of the backpack (10), is perforated
or net-shaped (22a), and the opposite outer side of

said sheath (22) comprises at least one portion of
fabric (22b) and at least one perforated or net-
shaped portion (22a).

5. Backpack according to claim 4, characterized in
that said outer side of the covering sheath (22) of
the shoulder straps (16) comprises a pair of end por-
tions of fabric (22b) between which an intermediate
perforated or net-shaped portion is interposed (22a).

6. Backpack according to claim 3 or 4, characterized
in that an end portion of fabric (22b) of each shoulder
strap (16), intended to be connected to the top por-
tion of the backpack (10), has a porous structure
defined by a series of small through holes (22c).

7. Backpack according to any one of claims 1 to 6, char-
acterized in that it comprises a waist belt (26) in-
cluding two substantially symmetrical side portions
(26a, 26b), each of which has a first end fixed to said
hollow body (12) and a second end which can be
connected in an adjustable manner to the corre-
sponding end of the other portion in order to adapt
to the user waist, both said waist belt portions (26a,
26b) comprising a core (18a) of substantially elastic
expanded plastic material in which a lattice of
through openings (20) is formed which consist of hol-
low cells having a predetermined shape and a plu-
rality of corners, which core (18a) is inserted inside
a respective covering sheath (23) at least partially
porous or net-shaped and having a reduced elasticity
with respect to that of the core (18a) of said waist
belt portions (26a, 26b).

8. Backpack according to claim 7, characterized in
that the covering sheath (23) of each waist belt por-
tion (26a, 26b) has an inner side intended to face
the user in the use of the backpack (10), which is
net-shaped or perforated (23a), and an outer side,
opposite to the inner side, which comprises at least
one portion of fabric (23b) and at least one net-
shaped or perforated portion (23a).

9. Backpack according to claim 8, characterized in
that the outer side of the covering sheath (23) of
each waist belt portion (26a, 26b) comprises at least
one pair of end portions (23b) of fabric between
which an intermediate net-shaped portion (23a) is
interposed.

10. Backpack according to claim 8 or 9, characterized
in that the core (18a) of each waist belt portion (26a,
26b) has a substantially laminar shape with the op-
posite longitudinal edges having an at least partially
jagged profile defined by a succession of recesses
(19) at a series of said through openings (20) adja-
cent to said longitudinal edges.
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11. Backpack according to claim 10, characterized in
that the core (18a) of each waist belt portion (26a,
26b) lacks through openings (20) in an area close to
its opposite longitudinal ends.
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