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(54) Forced air circulation shoe structure

(57) A forced air circulation shoe structure compris-
ing an upper (2), a hull-like sole (3) and at least one
pumping device for sucking in and expelling air, having
at least one intake chamber (22) which is located at the
ball portion of the sole (3) and receiving at least one pad

element and communicates with the inside of the shoe
(1) by means of a plurality of through holes or openings.
The shoe structure has, at the intake chamber (22), at
least one mat-shaped vapor-permeable portion (35) to
allow the air forced by the pumping device to flow into
or from the inside of the shoe (1).
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Description

[0001] The present invention relates to a forced air cir-
culation shoe structure.
[0002] Several examples of highly perspiratory or va-
por-permeable shoes are currently commercially avail-
able. Such shoes are manufactured by using special va-
por-permeable materials and manufacturing methods
aimed at obtaining an inner healthy, hygienically clean
and dry environment, particularly in shoes, ankle-high
boots and knee-high boots, i.e., in those types of foot-
wear in which the problem of foot perspiration is more
heavily felt.
[0003] One of the proposed technical solutions pro-
vides for the adoption of a pumping device which is lo-
cated in a suitable seat formed in a hull-like sole and
capable of sucking moist and warm air, e.g. inside a
shoe and expelling it outside, thus maintaining a condi-
tioned and ventilated internal environment.
[0004] The pumping device can comprise an intake
chamber located at the sole of the foot and provided with
a plurality of through openings, through which any
sucked air flows, in use, and a pumping chamber, which
communicates with said intake chamber via a duct con-
trolled by a one-way valve, is padded with a porous and
flexible material, and is arranged to be alternatively
compressed and expanded at each step performed by
the user, thereby expelling air from, and sucking air into,
the shoe, respectively.
[0005] The structure and the arrangement of the in-
take chamber and the pumping chamber inside the shoe
may be such that the user, while walking, can operate
the pumping device owing to the natural movement of
his foot, since the foot itself first compresses the pump-
ing chamber to expel warm and moist air previously ac-
cumulated inside it, by resting the heel of the foot onto
the heel of the shoe while keeping the sole of the foot
lifted, and then sucks the air from the inside of the shoe
through the intake chamber, by lifting the heel of the foot
and resting the sole of the foot.
[0006] Compression of pumping chamber during rest-
ing of the heel of the foot is currently achieved by means
of an insert which is located at the heel of the shoe and
cyclically applies first to said chamber a force from the
heel of the shoe towards the inside of said shoe, thereby
causing partial compression of said chamber, and then
leaves it free to expand and regain its non-compressed
shape.
[0007] A drawback of current technical solutions in the
manufacture of shoes having vapor-permeable proper-
ties is that of ensuring beneficial effects limited in time
in inner ventilation and conditioning. Intense and/or pro-
longed use of a shoe in fact usually entails rapid wors-
ening in the vapor-permeable properties owing to dete-
rioration and malfunctioning of the shoe components.
[0008] The main aim of the present invention is to pro-
vide a shoe or the like which is suitable for increasing
the efficiency of said pumping device in order to achieve

maximum internal ventilation and the best possible con-
ditioning, thereby avoiding excessive and undesired
foot perspiration, also for prolonged and particularly in-
tensive use of said shoe.
[0009] Another object of the present invention is that
the said structure of a shoe or the like is such as to offer,
in addition to high vapor-permeability, maximum comfort
and as much attractive styling.
[0010] Another object of the present invention is that
the said structure of a shoe or the like comprises com-
ponents which do not cause discomfort to the user's foot
and whose operation does not produce unpleasant
noise due to their mutual rubbing, especially after pro-
longed use of the shoe.
[0011] These and other objects which will become
better apparent hereinafter are achieved by a forced air
circulation shoe structure comprising an upper, a hull-
like sole and at least one pumping device for sucking in
and expelling air, having at least one intake chamber,
which is located at the ball portion of said sole and re-
ceiving at least one pad element and communicates
with the inside of said shoe by means of a plurality of
through holes or openings, characterized in that it has,
at said intake chamber, at least one mat-shaped vapor-
permeable portion to allow air forced by said pumping
device to flow into or from the inside of said shoe.
[0012] Advantageously, said shoe comprises an inner
sole which can be placed on said pumping device and
has, in use, said mat-shaped vapor-permeable portion
arranged at the intermediate sole portion of said shoe.
[0013] Conveniently, said pumping device comprises
at least one pumping chamber which is connected to
said intake chamber and to the outside and can be ar-
ranged at the heel of said hull-like sole, and said inner
sole is provided with compression means which can be
placed on said pumping chamber and are arranged to
pass alternatively from a working position, in which ow-
ing to the load applied thereto by the heel of the user's
foot they compress said pumping chamber, to a resting
position, in which said chamber is free to expand and
regain its uncompressed shape.
[0014] Further aspects and advantages of the present
invention will become better apparent from the following
detailed description of some currently preferred embod-
iments thereof, given only by way of non-limitative ex-
amples with reference to the accompanying drawings,
wherein:

Figure 1 is a sectional view of a shoe according to
the invention, taken along a plane at right angle
with, and parallel to, the longitudinal extension of
the sole;
Figure 2 shows a plan view of an inner sole used in
the shoe of Figure 1, seen from its bottom surface;
Figure 3 shows an enlarged-scale cross-section
view of the vapor-permeable portion of the inner
sole, taken along the line III-III of Figure 2;
Figure 4 is a partial sectional view on an enlarged

1 2



EP 1 127 505 A1

3

5

10

15

20

25

30

35

40

45

50

55

scale of an insert of the inner sole, taken along the
line IV-IV of Figure 2;
Figure 5 shows a plan view of a pumping device
adopted in the shoe of Figure 1;
Figure 6 is a sectional view of the pumping device,
taken along the line VI-VI of Figure 5;
Figure 7 shows a schematic view of the shoe of Fig-
ure 1, while air is sucked in;
Figure 8 shows a schematic view of the shoe of Fig-
ure 1 while air is discharged outside; and
Figure 9 is a partial side elevation view of the rear
portion of the shoe of Figure 1.

[0015] With reference to the above Figures, a shoe
having a structure according to the invention is desig-
nated by the reference numeral 1 and comprises an up-
per 2, a hull-like sole 3 and an insole 4.
[0016] As shown in Figure 1, the sole 3 has, at the
heel 6 thereof, an insert 7 made of plastic material which
intercepts a through opening 8 formed beforehand in the
heel 6. The insert 7, which is obtained e.g. by injection-
molding, can be provided with a peripheral bellows por-
tion 9 adhering to the internal surface 10 of the through
opening 8. The body 12 of the insert 7 is thus supported
by the peripheral portion 9 and delimited, in its resting
position, by an upper end 13, which is slightly concave
with respect to the inside of the shoe 1, and by a lower
end 14, which is slightly convex and partly protrudes
with respect to the lower surface 15 of the heel 6.
[0017] Every time a user performs a step while wear-
ing the shoe 1, the insert 7 is first pushed upwards from
its above described resting position, when the user ap-
plies all his weight to the heel 6, until its lower surface
14 becomes co-planar with the lower surface 15 of the
heel 6. Subsequently, upon the heel 6 being lifted, the
insert 7 returns to its resting position owing to its flexible
peripheral portion 9, which forces it to return downwards
and to protrude again from the lower surface 15 of the
heel 6.
[0018] Moreover, the sole 3 may have, at its portion
16 where, in use, the foot of the user lies, a second insert
17 made of synthetic and flexible material 18 (shown in
Figure 1), which is coupled to the sole 3 along one of its
peripheral edges 19 and delimited in its lower region by
an undulating lower surface 20 designed to increase the
grip of the sole 3 on the ground 48.
[0019] Advantageously, a pumping device 21 is pro-
vided between the sole 3 and the inner sole 4 and ar-
ranged to suck air inside the shoe 1, which usually tends
to be warm and moist, and to expel it outside, whereby
keeping the internal environment of the shoe 1 ventilat-
ed and dry. As shown in Figure 5, the pumping device
21 comprises an intake chamber 22, which is designed
to be superimposed, in use, on the portion 16 of the sole
3, and includes an external sheath 23, preferably made
of polyurethane, containing a padding made of open-
cell foamed material 24.
[0020] A plurality of through holes or openings 25 are

preferably formed in the innermost portion 23a of the
sheath 23 of the shoe 1, through which saturated air
stored inside the shoe 1 is sucked in use. Said air
sucked and stored inside the intake chamber 22 is con-
veyed into a duct 26, which is controlled by a one-way
valve 27 designed to allow air to flow only in the direction
indicated by arrow X.
[0021] Suction of air through the intake chamber 22
and the duct 26 is made possible owing to a pumping
chamber 28, which by changing from a compressed
condition, shown in Figure 8, to a non-compressed con-
dition, as shown in Figure 7, generates inside it a suck-
ing action that draws air from the inside of the shoe 1.
[0022] Advantageously, the pumping chamber 28 is
superimposed, in use, on the upper end 13 of the insert
7, so that owing to its alternating movement at right an-
gles to the heel 6 the insert 7 applies an alternating com-
pression action upwards against the chamber 28, there-
by alternatively causing compression and expansion
thereof.
[0023] As shown in Figure 5, the pumping device 21
is finally provided with a one-way valve 29 which con-
trols a discharge duct 17 and is suitable for discharging
the air stored in the chamber 28, air flow being allowed
only in the direction indicated by letter Y.
[0024] Figure 9 clearly shows the protrusion of the
body 12 of the insert 7 from the lower surface 15 of the
heel 6, and also illustrates the detail of the valve 29,
which is preferably vented at the lateral surface 31 of
the heel 6.
[0025] The inner sole 4, shaped as shown in Figure
2, can advantageously be coupled, in use, to the pump-
ing device 21 and comprises an upper innermost layer
33 of the shoe 1, which is made of flexible material, e.
g. leather or imitation of leather, a lower layer 34 pref-
erably made of a relatively rigid material, e.g. cardboard,
a vapor-permeable portion 35 which is located, in use,
at the intake chamber 22 of the device 21, and compres-
sion means 36, advantageously confined in the region
where the user's heel rests and designed to interact with
the pumping chamber 28.
[0026] As is more clearly shown in Figure 3, the vapor-
permeable portion 35 can advantageously comprise
three layers 37, 38 and 39, which form a textile insert
net-like structure forming a so-called "mat structure", in
which the intermediate layer 38 is particularly flexible,
since it has a lower specific density than the two outer
layers 37 and 39, thereby enhancing the elastic proper-
ties of the vapor-permeable portion 35 and improving
the comfort of the inner sole 4.
[0027] In order to allow air to pass from the inside of
the shoe 1 to the pumping device 21, the vapor-perme-
able portion 35 can close a through opening 40 formed
beforehand in the upper layer 33 of the inner sole 4. As
shown in Figures 2 and 3, the vapor-permeable portion
25 is fixed to the upper layer 33 preferably by means of
a stitched seam CA along its peripheral edge 35a.
[0028] Figures 2 and 3 also illustrate how the lower
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layer 34 affects preferably only the portion of the inner
sole 4 on which the heel and the central portion of the
foot act in use, since the same is designed to provide a
resting surface as uniform and even as possible, where-
by compensating for the discontinuities in the underlying
hull-like sole 3.
[0029] The lower layer 34 which is made of relatively
rigid material can thus end adjacent to the vapor-per-
meable portion 35 that is kept permanently in contact
with the layer 33 of flexible material, e.g. by means of
stitched seams CA, thus ensuring that the inner sole 4
is waterproof.
[0030] Compression means 36 preferably comprises
a membrane 41 made of synthetic material, e.g. ther-
moplastic polyurethane, which closes an opening 42
formed beforehand in the upper layer 33 of the inner sole
4 and having a peripheral edge 43 secured between the
upper layer 33 and the lower layer 34 of the inner sole 4.
[0031] The membrane 41 shown in Figure 4 delimits
a middle portion 45 which in its non-compressed posi-
tion takes a domed shape forming an upper surface 46
that is convex with respect to the inside of the shoe 1,
and a lower surface 47 concave with respect to the heel
6.
[0032] Advantageously, between the peripheral edge
43 and the middle portion 45, the membrane 41 com-
prises peripheral return means 48 which are resiliently
flexible, bellows-shaped and suitable for facilitating
compression of the membrane 41 in use and assisting
it returning to its non-compressed position.
[0033] A plurality of pins 47 are preferably provided
on the lower surface 46 of the middle portion 45 of the
membrane 41 and longitudinally extend at right angles
to the inner sole 4 so as to face the pumping chamber
28, thereby applying thereto, in use, an alternating com-
pression force directed from the inside of the shoe 1 to-
wards the heel 6.
[0034] Figures 7 and 8 are diagrammatic views of two
different situations which respectively correspond to the
resting condition and to the working condition of the
membrane 41. When the user lifts the heel 6 from the
ground, the membrane 41 and the insert 7 of the heel 6
move mutually apart in the directions of the arrows Z'
and Z", respectively, thereby allowing the pumping
chamber 28 to expand. The expansion of the chamber
28 generates inside it a suction action which draws air
from the inside of the shoe 1 through the one-way valve
27, while the valve 29 remains closed.
[0035] In its working condition, i.e., when the heel 11
of the foot applies the entire weight of the user onto the
heel 6 of the shoe, the membrane 41 advantageously
moves downwards in the direction of the arrow K' and
simultaneously the insert 7 of the heel 6 rises as shown
by the arrow K". As shown in Figure 8, in this case the
chamber is suddenly compressed by the pins 47 and by
the insert 7, which causes the air previously stored in-
side the chamber 28 to be expelled through the valve
29, the valve 27 remaining closed. Cooperation of pins

47 and body 12 of the insert 7 thus allow complete com-
pression of the chamber 28 to take place, which means
to displace the maximum volume of air per cycle.
[0036] Since each step made by a user corresponds
to a complete cycle of compression and expansion of
the chamber 28, the chamber 28 can be lined with a
jacket 50 of wear-resistant and sound-deadening fabric
in order to prevent repeated rubbing of the pins 47
against said chamber from causing, in the long run, both
wear of the surfaces in contact and unpleasant noise
which is repeated at each step.
[0037] The shoe according to the present invention is
susceptible to numerous modifications and variations
within the scope as defined by the appended claims.
[0038] Of course, the shoe structure according to the
present invention may be provided with a pumping de-
vice comprising intake and pumping units, that can in-
clude various technical solutions. The pumping cham-
ber 28 can be replaced, e.g., by a pump of suitable pow-
er and size, powered by a battery and capable of oper-
ating independently in order to alternately suck into and
expel air from the inside of the shoe 1, while occupying
a small space at the heel 6 of the shoe 1. Likewise, also
the intake chamber 22 may be different from that de-
scribed above, so long as it is in any case coupled to a
vapor-permeable portion secured thereto or belonging
to an overlying inner sole and allows air to flow from the
inside of the shoe 1 to the intake unit and then to be
discharged outside.
[0039] It is possible to use, inside the shoe 1, an inner
sole 4 (not shown in the Figures) whose lower layer is
made of relatively soft material by injection-molding and
extends throughout the entire lower surface of the upper
layer 33 except at the opening 40 and thus at the vapor-
permeable portion 35 and the insert 36. In this case, in
order to obviate the discontinuities of the underlying sole
3, the inner sole 4 is advantageously thicker where the
heel and the central portion of the foot will rest in use.
[0040] Materials used and the dimensions may be
various according to requirements.
[0041] Where technical features mentioned in any
claim are followed by reference signs, those reference
signs have been included for the sole purpose of in-
creasing the intelligibility of the claims and accordingly
such reference signs do not have any limiting effect on
the scope of each element identified by way of example
by such reference signs.

Claims

1. A forced air circulation shoe structure comprising
an upper, a hull-like sole and at least one pumping
device for sucking in and expelling air, having at
least one intake chamber which is located at the ball
portion of said sole and receiving at least one pad
element and communicates with the inside of said
shoe by means of a plurality of through holes or
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openings, characterized in that it has, at said intake
chamber, at least one mat-shaped vapor-permea-
ble portion to allow the air forced by said pumping
device to flow into or from the inside of said shoe.

2. The shoe structure according to claim 1, character-
ized in that it comprises an inner sole arranged on
said pumping device and having, in use, said mat-
shaped vapor-permeable portion located at said in-
take chamber.

3. The shoe structure according to claim 1 or 2, char-
acterized in that said pumping device comprises at
least one pumping chamber which is connected to
said intake chamber and to the outside and can be
arranged at the heel of said hull-like sole, and in that
said inner sole is provided with compression means
which are arranged on said pumping chamber and
designed to alternate from a working position, in
which owing to the load applied thereto by the heel
of the user's foot said pumping chamber is com-
pressed, to a resting position, in which said pump-
ing chamber is free to expand and regain its uncom-
pressed shape.

4. The shoe structure according to claim 3, character-
ized in that said compression means comprises at
least two portions, the first one of which is designed
to interact with the user's foot and the other is suit-
able for resting alternately, in use, on said pumping
chamber.

5. The shoe structure according to claim 4, character-
ized in that said first portion comprises at least one
membrane having a peripheral edge rigidly coupled
to said inner sole and a middle portion having, when
at rest, a domed shape thereby delimiting an upper
surface which is convex with respect to the inside
of said shoe and raised with respect to said inner
sole, and a lower surface which is a concave with
respect to said hull-like sole.

6. The shoe structure according to claim 4 or 5, char-
acterized in that said membrane comprises return
means which lie between said peripheral edge and
said middle portion, thereby allowing said middle
portion of said membrane to cyclically regain said
uncompressed domed configuration after being de-
formed by compression by the heel of the user's
foot.

7. The shoe structure according to claim 6, character-
ized in that said return means comprise at least one
peripheral portion of said membrane which is flexi-
ble and bellows-shaped.

8. The shoe structure according to any one of the pre-
ceding claims, characterized in that said second

portion of said membrane comprises a plurality of
pins protruding from said lower surface of said
membrane and longitudinally extending, in use,
transversely to said sole.

9. The shoe structure according to claim 8, character-
ized in that said pins are confined at said middle
portion of said membrane, thereby applying to said
pumping chamber a localized compression which is
directed from the inside of said shoe toward said
sole.

10. The shoe structure according to any one of the pre-
ceding claims, characterized in that said hull-like
sole comprises, at least at the heel thereof, an insert
made of a flexible material and suitable for applying
to said pumping chamber, in use, an alternating
compression force which is directed toward the in-
side of said shoe, whereby alternatively compress-
ing said pumping chamber and regaining said un-
compressed domed configuration of said pumping
chamber.

11. The shoe structure according to any one of the pre-
ceding claims, characterized in that it comprises
means for covering said pumping chamber whereby
preventing the surfaces in contact from wearing and
avoiding unpleasant noise from being caused by
said pins and said insert rubbing against said pump-
ing chamber.

12. The shoe structure according to claim 11, charac-
terized in that said covering means comprises a
jacket made of wear-resistant and sound-deaden-
ing fabric suitable for being at least partly wrapped
around said pumping chamber.
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