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(57)  Acompressor mountable in an annular tire cav-
ity (12) is disclosed. The compressor (14, 114, 214) com-
prises an air inlet (28), an air outlet (30), a body (40) in
which are formed a blind hole (46) having a sidewall, a
compression chamber (42) in fluid communication with
the air inlet (28) and the air outlet (30), a compression
piston (60) configured for reciprocating in the compres-
sion chamber (42) for providing compressed air to the
tire cavity (12) through the air outlet (30), a hydraulic fluid

Compressor for a self-inflating pneumatic tire

passage (58) for providing hydraulic fluid into the blind
hole (46), and a guiding piston (56) configured for recip-
rocating in the blind hole (46) in sealed contact with the
sidewall and for guiding a reciprocating movement of the
body (40) relative to the compression piston (60). Also,
a tire assembly comprising a pneumatic tire (4) having a
tire cavity (12) and such a compressor (14, 114, 214) is
disclosed.
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Description
Technical field

[0001] The invention relates to a compressor mounta-
ble in an annular tire cavity for inflating a pneumatic tire.
The invention relates also to a pneumatic tire comprising
a compressor according to the invention. The invention
may alsorelate to a tire assembly comprising a compres-
sor and at least one of a rim, a tire, and a hydraulic ac-
tuator for driving the compressor.

Prior art

[0002] In order to increase their safety, vehicles may
be provided with self-inflating tires. Such tires shall be
able to maintain a desired tire cavity pressure in an au-
tonomous manner. For example, such tires may com-
prise pumps actuated by the tire’s periodical deformation
when the tire is rolling over the ground, wherein the
pumps may compress air from the environment and expel
it into the tire cavity.

[0003] US-A2012/0160386 discloses a self inflating
tire comprising a pump assembly and a compression ac-
tuator assembly. The pump assembly comprises a main
body with an axial chamber in which two pistons recip-
rocate. They delimit a compression room that translates
when the pistons reciprocate. The first piston is activated
by the compression actuator assembly. The second pis-
ton comprises a shaft that engages the first piston in a
cavity. Unfortunately, leaks may occur at the interface
between the cavity and the shaft, and may thus reduce
the pump’s efficiency and yield. In particular, the yield of
the pump relies on the surface roughness of the cavity
and the shaft. Consequently, production costs may be
elevated, all the more so due to the pump’s small size
for insertion through the thickness of the tire’s sidewall.
The maximal pressure the pump may provide is also lim-
ited.

[0004] Itis one object of the present invention to over-
come atleastone of the afore-mentioned disadvantages.
Another object of the present invention may consist in
improving the efficiency of a compressor for inflating a
tire. A further object of the invention may consist in in-
creasing the maximal pressure provided by a compres-
sor.

Summary of the invention

[0005] Theinventionrelatestoacompressorinaccord-
ance with claim 1 and to a tire assembly in accordance
with claim 14.

[0006] Dependent claims refer to preferred embodi-
ments of the invention.

[0007] In one aspect of the invention, a compressor
mountable in an annular tire cavity, as for instance to the
tire’s sidewall, is disclosed. The compressor comprises
an air inlet, an air outlet, and a body in which are formed
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ablind hole having a sidewall, and a compression cham-
ber in fluid communication with the air inlet and the air
outlet. Further, the compressor comprises a compres-
sion piston configured for reciprocating in the compres-
sion chamber for providing compressed air to the tire
cavity through the air outlet, and a hydraulic fluid passage
for providing hydraulic fluid into the blind hole, as well as
a guiding piston or rod configured for reciprocating in the
blind hole in sealed contact with the sidewall and for guid-
ing a reciprocating movement of the body relative to the
compression piston.

[0008] Accordingtoa preferred aspect of the invention,
the body may comprisey awalltightly separating the com-
pression chamber and the blind hole.

[0009] According to a preferred aspect of the invention,
the compression piston and the guiding piston mat ex-
tend in parallel directions such that the body is moved
relatively and in parallel to the compression piston and
the guiding piston upon actuation by hydraulic fluid pres-
sure provided to the blind hole.

[0010] Accordingtoa preferred aspect of the invention,
the compression piston and the guiding piston are rigidly
fixed relative to each other, and the body is movable rel-
atively to the compression piston and the guiding piston.
[0011] According to a preferred aspect of the invention,
the compressor may comprise a support to be mounted
to the tire, the compression piston and the guiding piston
being rigidly fixed to the support and the body being
moveable in relation to the support. For example, the
support may be mounted to the tire or the tire’s sidewall
by a screwed or glued connection.

[0012] According to a preferred aspect of the invention,
the compression piston may extend in the compression
chamber along or over a longer portion than the guiding
piston may extend in the blind hole.

[0013] Accordingtoa preferred aspect of the invention,
the body may be arranged and configured to move be-
tween a compression state and a decompression or in-
take state relative to the compression piston.

[0014] According to a preferred aspect of the invention,
the compressor may comprises two damping plates dis-
posed at opposing faces of the body in relation to the
direction of the reciprocating movement todamp the body
abutting the support when reciprocating between the
compression state and the decompressed state.

[0015] According to a preferred aspect of the invention,
the compression piston and the guiding piston may be
movable along two different parallel axes offset from
each other.

[0016] Accordingtoa preferred aspect of the invention,
the body may comprise an inlet chamber and a pipe in
fluid communication with the air inlet and being config-
ured for reciprocating in the inlet chamber.

[0017] According to a preferred aspect of the invention,
the pipe may have an elongated shape, elongated in par-
allel to the direction of reciprocating movement of the
guiding piston and/or of the compression piston. Further,
the pipe may have two opposed ends and may comprise
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a through hole connecting both ends.

[0018] Accordingtoa preferred aspectofthe invention,
the inlet chamber and the compression chamber may be
in fluid communication through a passageway.

[0019] Accordingtoa preferred aspectofthe invention,
the compression chamber may have a shape of a bore
with a bottom, a sidewall and an opening, wherein the
passageway forms an aperture on the sidewall which is
remotely disposed from the bottom or disposed between
the bottom and the opening.

[0020] Accordingtoa preferred aspectofthe invention,
the body may be arranged and configured to move be-
tween a compression state and a decompression or in-
take state relative to the compression piston, wherein the
pipe may be elongated in respect of the direction of re-
ciprocating movement and may comprise a through hole
connecting its two axially opposed faces. The inlet cham-
ber and the compression chamber may be in fluid com-
munication through a passageway, wherein in the de-
compression state, the passageway is in fluid communi-
cation with the compression chamber, and in the com-
pression state, the compression piston blocks fluid com-
munication between the passageway and the compres-
sion chamber.

[0021] Accordingtoa preferred aspect ofthe invention,
the compression piston may comprise a through hole
connecting its two axially opposite faces or ends, and,
optionally, a check valve in fluid communication with the
through hole.

[0022] Accordingtoa preferred aspectofthe invention,
the volume of the through hole of the compression piston
is inferior to the half of the maximal free volume in the
compression chamber during the compression piston’s
reciprocating movement.

[0023] Accordingtoa preferred aspectof the invention,
the compressor may comprise a spring opposing or bi-
asing a compression movement of the compression pis-
ton within the compression chamber.

[0024] Accordingtoa preferred aspect ofthe invention,
the compression piston and the guiding piston and/or the
blind hole and the compression chamber may cover the
majority of the body in respect of the direction of the re-
ciprocating movement.

[0025] Accordingtoa preferred aspectofthe invention,
the hydraulic fluid passage may be formed in the guiding
piston and may connect two axially opposite faces of the
guiding piston.

[0026] Accordingtoa preferred aspect ofthe invention,
the hydraulic fluid passage may be formed in the body.
[0027] Accordingtoa preferred aspectofthe invention,
the guiding piston may be configured for reciprocating in
the blind hole in sealed contact with the sidewall and for
guiding a reciprocating movement of the body relative to
the compression piston upon cyclically or periodically
providing hydraulic fluid or hydraulic fluid pressure to the
blind hole via the hydraulic fluid passage. Hydraulic fluid
or fluid pressure may be cyclically or periodically provided
to the hydraulic fluid passage via a hydraulic actuator.
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Such an actuator or engine may be driven by the cyclical
or periodic deformation of the tire’s sidewall or another
portion of the tire periodically deforming when the tire is
rolling.

[0028] Accordingtoa preferred aspect of the invention,
the support may be a frame which may have a plurality
of rigid struts.

[0029] According to a preferred aspect of the invention,
the volume of the through hole of the compression piston
may be inferior to the tenth of the maximal free volume
of the compression chamber available during the com-
pression piston’s reciprocating movement.

[0030] Accordingtoa preferred aspect of the invention,
the body may be fixed to the tire and the support may be
movable relative to the tire and the body.

[0031] According to another aspect of the invention,
the tire assembly comprises artire having a tire cavity and
the aforementioned compressor.

[0032] Accordingtoa preferredaspect of the invention,
the tire assembly may comprise an actuating mechanism
or hydraulic actuator in hydraulic fluid communication
with the blind hole.

[0033] According to a preferred aspect of the invention,
the tire comprises a sidewall with the compressor being
mounted inside the tire cavity to the sidewall.

[0034] According to a preferred aspect of the invention,
the through hole of the compression piston is in fluid com-
munication with the annular tire cavity of the tire assem-
bly.

[0035] Accordingtoa preferredaspect of the invention,
the assembly may further comprise a pipe or tube con-
necting the air inlet of the compressor with a through hole
in the tire’s sidewall for allowing fluid communication of
the air inlet with the tire’s (outer) environment.

[0036] Accordingtoa preferred aspect of the invention,
the hydraulic actuator or pump may be mounted on the
tire, and the compressor may be mounted on the rim. In
general, the actuator and the compressor may be con-
nected via a tube for conducting hydraulic fluid.

[0037] According to a preferred aspect of the invention,
the hydraulic actuator may comprise a flexible or deform-
able bag or reservoir for holding a hydraulic fluid. The
bag may be mounted to the tire’s sidewall and may be
deformed by the cyclical or periodical deflection of the
sidewall upon the tire’s rotation.

[0038] According to a preferred aspect of the invention,
the body may be subject to tire cavity pressure or in direct
fluid communication with the tire cavity.

[0039] According to another aspect of the invention, a
method for inflating or pumping air into a tire via a com-
pressor is disclosed.

[0040] The method comprises the step of periodically
or cyclically providing hydraulic fluid or hydraulic fluid
pressure to the compressor, in particular to the blind hole,
via the hydraulic fluid passage.

[0041] According to a preferred aspect of the invention,
the method may comprise the step of periodically or cy-
clically providing hydraulic fluid or hydraulicfluid pressure
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to the compressor, in particular to the blind hole, via the
hydraulic fluid passage by means of a hydraulic actuator.
[0042] Accordingtoa preferred aspectofthe invention,
the method may comprise the step of periodically or cy-
clically providing hydraulic fluid or hydraulicfluid pressure
to the compressor, in particular to the blind hole, via the
hydraulic fluid passage by means of a hydraulic actuator
driven by the periodic or cyclic rotation of the tire.
[0043] Accordingtoa preferred aspectofthe invention,
the actuator or engine may be mounted to the tire’s side-
wall deflecting or deforming upon rotation of the tire. As
described above, the actuator may comprise a flexible
hydraulic fluid reservoir or bag cyclically or periodically
deforming upon rotation of the tire. The reservoir may
have an opening and/or nozzle in fluid communication
with the compressor’s hydraulic fluid passage, as for in-
stance via a tube.

[0044] Any of the above mentioned features may be
combined with or replaced by one another.

Definitions

[0045] "Axial"and"axially" mean lines ordirections that
are parallel to the axis of rotation of the tire.

[0046] "Circumferential" means lines or directions ex-
tending along the perimeter of the surface of the annular
tread perpendicular to the axial direction.

[0047] "Peristaltic" means operating by means of
wave-like contractions that propel contained matter, such
as air, along tubular pathways.

[0048] "Radial" and "radially" mean directions radially
toward or away from the axis of rotation of the tire.
[0049] "Sidewall" means that portion of a tire between
the tread and the bead.

Brief description of the drawings

[0050]

Figure 1 is a perspective view of a tire assembly ac-
cording to an embodiment of the invention with a
compressor and a tire.

Figure 2 is a plan view of a tire assembly according
to another embodiment of the invention, the tire be-
ing mounted on a rim.

Figure 3 is a cross sectional view of a compressor
according to an embodiment of the invention, the
compressor being in an intake state.

Figure 4 is a cross sectional view of the compressor
according to the embodiment of Figure 3 in a first
compression intermediate.

Figure 5 is a cross sectional view of the compressor
according to the embodiment of Figures 3 and 4 in
a second compression intermediate state.

Figure 6 is a cross sectional view of the compressor
according to the embodiment of Figures 3to 5in the
compression state.

Figure 7 is a cross sectional view of the compressor
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according to the embodiment of Figures 3to 6 in a
state subsequent the compression state and before
the intake state.

Figure 8 is a cross sectional view of another embod-
iment of a compressor according to the invention,
the compressor being in an intake state.

Figure 9 is a cross sectional view of the compressor
according to the embodiment of Figure 8, the com-
pressor being in an intake state.

Detailed description of example embodiment of the in-
vention

[0051] Figure 1 represents a perspective view of a tire
assembly 2 according to a first embodiment of the inven-
tion.

[0052] The tire assembly 2 comprises a tire 4 with a
carcass (not shown), a tread portion 6 having an annular
shape, two lateral sidewalls 8 and two annular beads 10
at the radially inner extremity of each sidewall 8. Each
sidewall 8 has an annular shape with a central opening
delimited by one of the beads 10. Further, the tire 4 de-
fines an annular cavity 12 which is delimited by its tread
portion 6, its sidewalls 8 and eventually its beads 10.
[0053] The tire assembly 2 also comprises a compres-
sor 14 for injecting or pumping compressed air into the
annular cavity ofthe tire 4. The compressor 14 is mounted
in the annular cavity 12. Preferably, it is mounted on a
sidewall 8. For pumping air into the tire 4, the compressor
14 may be activated by the cyclic deformation of the tire
4 and/or the tire’s sidewall 8 against the ground when it
runs. In general, the tire assembly 2 may form a self-
inflating tire assembly. In particular, the compressor 14
may be activated by an actuating mechanism (not rep-
resented), as for instance by a hydraulic actuator or
pump. The actuator may be mounted on a rim, on a hub,
or on the tire 4, wherein the actuator may provide a hy-
draulic fluid, whose hydraulic pressure fluctuates upon
rotation of the tire assembly 2. In particular, the hydraulic
fluid may be an incompressible fluid as for instance water
or oil.

[0054] A hydraulic actuator is for example known from
US-A-2012/0160386 which provides an actuating medi-
um for actuating a compressor by means of the bending
of the tire’s sidewall 8. The subject-matter of that appli-
cation is incorporated into the present application by ref-
erence.

[0055] Figure 2 represents an axial view of a tire as-
sembly 3 according to another embodiment of the inven-
tion, wherein elements equal to those already shown in
Figure 1 are described by equal reference numerals.
[0056] The tire assembly 3 may comprise a rim 16 on
which is mountedthe tire 4. In particular, the tire assembly
3 may be a wheel which may be mounted on a vehicle.
The rim 16 may have a circular shape, with a disc portion
18 and an annular portion surrounding the disc portion
18. The disc portion 18 may comprise a central hole 22
which may be mounted on a hub of a vehicle. It may also
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comprise a set of fixing holes 24. The annular portion
may comprise two annular flanges 26 which extend in a
radial outer direction and which are disposed at each
axial extremity of the rim 16. The beads 10 of the tire 4
are in contact with the annular flanges 26 of the annular
portion and the flanges 26 are arranged for axially retain-
ing the tire 4, particularly its beads 10.

[0057] The annular cavity 12 of the tire 4 is closed by
the rim 16, eventually by its cylindrical portion. Further,
the tire assembly 3 may comprise a valve (not represent-
ed) for inflating the tire 4 by known means.

[0058] In particular, a tire assembly 3 may comprise a
compressor 14 arranged within the tire cavity (not visible
in the plan view of Figure 2).

[0059] Figure 3 represents an air compressor 14 ac-
cording to an embodiment of the invention, in which the
compressor is represented in a decompressed or, in oth-
er words, in an intake state.

[0060] The air compressor 14 comprises an air inlet 28
and an air outlet 30. The air inlet 28 is in fluid communi-
cation with the tire’s environment, which may be substan-
tially at the atmospheric pressure. The air inlet 28 may
comprise or may be connected to achannelwhich passes
through a sidewall 8. The provision of such a channel is
known in the prior art and is for instance disclosed in US
8,156,978 B1 which is also incorporated herein by refer-
ence. The air outlet 30 is in fluid communication with the
annular cavity of the tire which may be at the inflating
pressure.

[0061] Further, the compressor 14 preferably compris-
es a support 32 which may be a frame. In other words,
the support 32 may form a hollow box or enclosure, which
may have one or more open sides. Further, the support
32 may have an elongated shape which may extend in
alongitudinal direction and which may comprise a mount-
ing plate 34 which may be in contact with the sidewall 8
when the compressor 14 is mounted on the tire. The
mounting plate 34 may be adapted to the shape of the
inner surface of the sidewall 8 at its mounting position.
Further, the support 32 may comprise two essentially par-
allel plates 36 extending perpendicularly from the main
plate 34 and perpendicular to the elongated shape. In
other words, the plates 36 may extend in a direction per-
pendicular or transversal to the longitudinal direction.
[0062] The compressor 14, or especially the support
32, may comprise fixation means like holes or seats 38
for mounting the compressor 14 via screws to the tire. In
particular, the fixation means may be provided on the
mounting plate 34.

[0063] The compressor 14 further comprises a body
40 disposed between the parallel plates 36 or, in other
words, within the frame. In particular, the body 40 forms
a block of material and is movable along the longitudinal
direction of the elongated support 32, for instance along
astraightline. Thus, the body 40 may reciprocate relative
to the support 32 in order to provide compressed fluid.
According to an alternative embodiment of the invention,
the body may be fixed to the tire and the support may be

10

15

20

25

30

35

40

50

55

movable relative to the tire and the body 40.

[0064] According to the depicted embodiment, the
body 40 comprises a compression chamber 42, an inlet
chamber 44, and a blind hole 46. The compression cham-
ber 42 is in fluid communication with the air outlet 30 and
alsowiththe inlet chamber 44 of the compressor 14. Each
chamber and the blind hole 46 may form a bore or blind
bore extending into the body 40. Each bore may have a
cylindrical shape and/or a bottom, an opening and a side-
wall extending between them. In general, the chambers
and the blind hole 46 may extend in parallel directions.
[0065] The body 40 may have an elongated shape and
two ends, wherein a first half of the body extends from
thefirstend, essentially in parallelto the body’s elongated
shape and comprises at least a major part of the com-
pression chamber 42. A second half of the body 40 ex-
tends, essentially in parallel to the body’s elongated
shape, from the second end and comprises at least a
major part of the inlet chamber 44, if any, as well as at
least a major part of the blind hole 46. The chambers and
the blind hole 46 extend essentially in parallel to the
body’s or the support’'s elongated shape or, in other
words, in parallel to the longitudinal direction. The com-
pression chamber 42 may overlap with the inlet chamber
44 and/or the blind hole 46 with respect to the longitudinal
direction. However, both chambers 42, 44 are tightly sep-
arated from each other. The openings of the inlet cham-
ber 44 and of the blind hole 46 are preferably provided
at a face of the body 40 opposite to the face of the body
40 comprising the opening of the compression chamber
42.

[0066] The inlet chamber 44 and the compression
chamber 42 are in fluid communication with each other,
preferably through a passageway 48, wherein the pas-
sageway 48 may extend from the bottom of the inlet
chamber 44 to the sidewall of the compression chamber
42 and may form an aperture 50 on the compression
chamber’s sidewall.

[0067] The compression chamber 42 may comprise a
bottom half and an opening half, wherein the aperture 50
is preferably disposed in the bottom half. In particular,
the aperture 50 may be disposed remote from the bottom
of the compression chamber 42. A higher distance of the
aperture 50 from the bottom of the compression chamber
42 results in a higher compression ratio and a larger vol-
ume of compressed air provided at each compression
stroke.

[0068] The compressor 14 may further comprise a pipe
52 which is rigidly fixed to the support 32, preferably to
a plate 36. The pipe 52 comprises a through hole 54 in
fluid communication with the air inlet 28. Further, the pipe
52 extends inside the inlet chamber 44 and may recip-
rocate relatively to the chamber 44 when the compressor
body 40 moves relatively to the support 32. In particular,
it comprises an outer surface which slides along and/or
is guided by the inlet chamber’s sidewall. In addition, the
pipe 52 and/or the inlet chamber’s sidewall may comprise
atleastone sealing element, as forinstance O-ring seals.
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[0069] The compressor 14 further comprises a guiding
piston 56. The guiding piston 56 is rigidly fixed to the
support 32, preferably to a plate 36, as for instance to
the same plate 36 which receives or holds the pipe 52.
The guiding piston 56 extends inside the blind hole 46
and may reciprocate relatively to the blind hole 46 when
the compressor body 40 moves relatively to the support
32. It comprises an outer sliding surface which is guided
by the blind hole’s sidewall. This interface between the
sidewall and the guiding piston 56 may be sealed by one
or more sealing members. In particular, the guiding piston
56 and/or the sidewall of the blind hole 46 may comprise
O-ring seals.

[0070] The compressor 14 comprises also a hydraulic
fluid passage 58 or through hole which may be in fluid
communication with the bottom of the blind hole 46. Fur-
ther, the hydraulic fluid passage 58 may be in fluid com-
munication with the end of the guiding piston 56 which
reciprocates in the blind hole 46. In particular, the hy-
draulicfluid passage 58 may provide hydraulicfluid pres-
sure or fluid from a hydraulic actuator to the blind hole
46. A cyclic or periodic variation of hydraulic fluid pres-
sure, may permit to drive the body 40 in a reciprocating
movement.

[0071] The compressor 14 further comprises a com-
pression piston 60. The compression piston 60 extends
in the compression chamber 42 and may reciprocate rel-
atively to that chamber when the compressor body 40
moves relatively to the support 32. In the depicted em-
bodiment, the compression piston 60 is rigidly fixed to
the support 32, preferably to a plate 36, and more pref-
erably also relative to the plate 36 which receives or holds
the pipe 52. Further, the compression piston 60 may com-
prise a sliding surface which is guide by compression
chamber’s sidewall. The compression piston 60 and/or
the compression chamber’s sidewall may comprise at
leastone sealing member as for instance an O-ring seals.
When the compression piston 60 reciprocates, it closes
and opens progressively the aperture 50. The compres-
sion piston 60 comprises a through hole 62 connecting
its both ends. This through hole 62 is in fluid communi-
cation with the air outlet 30 of the compressor 14. Pref-
erably, the compression piston 60 also comprises a
check valve 64 in fluid communication with its through
hole 62. In general, a check valve 64 is provided for pre-
venting pressurized air in the tire cavity to escape through
the compressor. For instance, the check valve 64 may
comprise a ball 66, a spring 68 and a duct 70 and may
be disposed in the compression piston 60. The check
valve 64 may be a part of the through hole of the com-
pression piston 60, or may be disposed in an additional
member.

[0072] The support 32, the body 40, the compression
piston 60, the guiding piston 56, and the pipe 52 may be
made of metal, as for instance aluminum, rubber or plas-
tics. They may be molded or machined.

[0073] Still referring to Figure 3, the compression
chamber 42 and the blind hole 46 are tightly separated
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by a wall 74. This feature prevents any leakage between
them. On the one hand, it prevents a direct flow of the
hydraulicfluid from the blind hole 46 into the compression
chamber 42. On the other hand, it prevents (direct) air
flow from the compression chamber 42 into the blind hole
46. Hence, the compressor 14 has a high efficiency and
may achieve high compression ratios.

[0074] As further depicted in Figures 3 to 9, the com-
pressor 14 may comprise a spring 76 being disposed
between the body 40 and the support 32. In particular,
the spring 76 may assist in returning the body 40 back
to the decompressed state. However, the spring 76 does
not constitute an essential element of the compressor 14
since the body 40 might also be moved back into the
decompressed state by a cyclic hydraulic pressure drop
in the blind hole 46.

[0075] The compressor 14 may further comprise a
damping plate 78, or, preferably, two damping plates 78
which are mounted inside the support 32. Each of them
is mounted in parallel to a plate 36 extending perpendic-
ularly from the mounting plate 34 for damping the body’s
stroke. Preferably, a damping plate 78 may comprise an
elastomeric material.

[0076] Inthe decompressed orintake state, the airinlet
28 and the through hole 62 of the compression piston 60
are in fluid communication via the through hole 54 of the
pipe 52, the inlet chamber 44, the passageway 48, and
the compression chamber 42 since the aperture 50 re-
mains open.

[0077] Figure 4 represents the compressor 14 accord-
ing to Figure 3 in a first compression intermediate state.
According to Figure 4, the body 40 has started to move
relative to the support 32 and the compression piston 60
covers the aperture 50 in the compression chamber 42.
Since the sliding surfaces of the compression piston 60
and the compression chamber 42 are sealed between
each other, the compression piston 60 blocks fluid com-
munication through the aperture 50. Thereby, the com-
pression piston 60 may close fluid communication be-
tween the air inlet 28 and the air outlet 30 through the
compression chamber 42.

[0078] Nevertheless, air may escape via the through
hole 62 of the compression piston 60, provided its pres-
sure is high enough to open the check valve 64. Ifa spring
68 of the check valve 64 is not pre-loaded, air will escape
at the beginning of the compression movement of the
compression piston 60. On the contrary, if a spring 68 of
the check valve 64 is pre-loaded, the check valve 64 will
open at a later stage as it will be explained in the forth-
coming paragraphs.

[0079] Figure 5 illustrates the above described com-
pressor 14 in a second and later compression interme-
diate state.

[0080] The body 40 moves further toward the (full)
compression state relative to the support 32. Since the
compression piston 60 still closes the aperture 50, the
air contained in the closed cavity is further compressed.
Atone point, its pressure reaches a threshold which trig-
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gers the check valve opening. This threshold depends
onthe check valve’s spring pre-load and on the pressure
in the annular enclosure of the tire assembly. Com-
pressed air is injected in the annular tire cavity and in-
flates the tire.

[0081] Figure 6 shows the compressor 14 in the com-
pression state in which the body 40 contacts a damping
plate 78. During compression of the damping plate 78,
compressed air is still provided to the tire cavity. The
compressed air exits the closed chamber through the
piston’s check valve 64 which remains open. Inthat state,
the compression piston 60 essentially extends over the
whole length of the compression chamber 42, wherein
the free end of the compression piston 60 is close to the
bottom of the compression chamber 42. The gap be-
tween the free end and the bottom may be inferior to 1
mm, preferably inferior to 0.2 mm. After the body 40 has
reached the compression state, it returns to the intake or
intake state and continues to reciprocate.

[0082] Figure 7 illustrates the compressor 14 in a state
subsequent the compression state but prior to the intake
state. When the compressed air flows into the tire cavity,
the pressure of the remaining compressed air in the
through hole of the piston 60 decreases. It decreases
until it reaches the pressure in the tire cavity. Such a
pressure balance results in the closure of the check valve
64 as depicted in Figure 7.

[0083] The movement of the body 40 may depend on
the mechanical forces it is subjected to. The forces in-
volved may be created by the spring 76, the damping
plates 78 and of course by present pressure differences.
Afirst pressure difference may occur between the atmos-
pheric pressure and the tire pressure, and acts on the
surface of the bottom of the inlet chamber 44. This first
pressure difference tends to maintain the body 40 in the
intake state. A second pressure difference may occur
between the hydraulic fluid in the blind hole and the tire
pressure and acts on the surface of the bottom of the
blind hole 46. This second pressure difference is intend-
ed to move the body 40 toward the compression state.
A third pressure difference may occur between the pres-
sure in the compression chamber 42 and the tire cavity
pressure and acts on the surface of the bottom of the
compression chamber 42 and is opposed to the move-
mentof the body 40 toward the compression chamber 42.
[0084] It is noteworthy that if the tire pressure in the
tire cavity is sufficient or reaches a defined value, it may
counterbalance the provided hydraulic fluid pressure.
Then, it maintains the body 40 in the intake state. This
means that if the tire cavity pressure is sufficient, for in-
stance above a defined threshold value, the compressor
14 does not reciprocate and avoids wear of contact sur-
faces, as for instance between the body 40 and the sup-
port 32. Thus, the compressor 14 may regulate the tire
pressure, and may for example reduce clogging of an air
inlet, and, in particular, of a filter associated with the air
inlet, since less fluid has to pass through such a filter.
[0085] Figure 8 represents a compressor 114 accord-
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ing to a further embodiment of the invention, wherein the
compressor 114 is shown in an intake state. The main
components or elements of the compressor 114 are sim-
ilar or equal to that of the compressor 14 described in
accordance with the preceding embodiment. Thus, the
compressor 114 comprises a support 132, an elongated
plate 134, abody 140, two opposing plates 136, mounting
holes 138, damping plates 178, a compression piston
160, a blind hole 146, a fluid passageway 148, an inlet
chamber 144, a pipe 152, and an inlet 128. The function
of these elements is equal to that described above with
respect to the embodiment according to Figures 3 to 7.
[0086] Inthe embodiment of Figure 8, the guiding pis-
ton 156 does not comprise any passageway or channel.
It may be a solid block having a rod-like shape. In con-
trast, a hydraulic fluid passage 158 is formed within the
body 140. The hydraulic fluid passage 158 may be con-
nected to a hose (not shown), which may be further con-
nected to a hydraulic actuator (not shown) for providing
hydraulic fluid or hydraulic fluid pressure. In particular,
the fluid passage 158 passes from a sidewall of the blind
hole 146 or a bottom of the blind hole 146 through the
body 140 to a surface of the body 140. Then, the body
140 and the guiding piston 156 act as a hydraulic ram
that can reciprocate the body 140 relative to the support
132.

[0087] Figure 9 represents a compressor 214 accord-
ing to a third embodiment of the invention, wherein the
compressor 214 is represented in an intake state. The
main components or elements of the compressor 214
are similar or equal to that of the compressors 14, 114
described in accordance with the preceding embodi-
ments. Thus, the compressor 214 comprises a support
232, an elongated plate 234, a body 240, two opposing
plates 236, mounting holes 238, damping plates 278, a
compression piston 260, a compression chamber 242,
an aperture 250, a blind hole 246, a guiding piston 256,
ablind hole 246, a fluid passageway 248, an inlet cham-
ber 244, a pipe 252, and an inlet 228.

[0088] In this third embodiment, the compression pis-
ton 260 forms a solid block or bar similar to the guiding
piston 156 according to Figure 8. In particular, the com-
pression piston 260 does not allow any through flow and
seals the compression chamber 242. The body 240 com-
prises a channel 280 for fluid communication between
the compression chamber 242 and the annular tire cavity.
The channel 280 is formed in the body 240 and forms or
is connected to an air outlet 230 of the compressor 214.
[0089] Thebody240and/orthe airoutlet230 may com-
prise a check valve 264 in fluid communication with the
channel 280. The check valve 264 may be disposed with-
in the body 240, or may be fixed to the body 240. Further,
the check valve 264 may be connected to the channel
280. The channel 280 may form an aperture 282 in the
compression chamber 242, wherein the aperture 282 is
disposed closer to the bottom of the compression cham-
ber 242 than the aperture 250 which is in fluid commu-
nication with the air inlet 228. Thus, when the body 240
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moves from the intake state toward the compression
state, the compression piston 260 first closes the aper-
ture 250 and reaches afterwards the aperture 282. This
means that the compression piston 260 blocks first the
communication with the inlet chamber 244 to compress
air in the compression chamber 242, and expels then
compressed air into the tire cavity through the aperture
282 and the channel 280 via the check valve 264.
[0090] In a further non-depicted embodiment of the in-
vention, the embodiment according to Figure 8 and the
embodiment according to Figure 9 are combined. In this
case, the body may comprise a hydraulic fluid passage
in fluid communication with the blind hole and a duct in
fluid communication with the compression chamber. At
least one of the compression piston and the guiding pis-
ton may be a solid rod.

Claims

1. A compressor mountable in an annular tire cavity
(12), the compressor (14, 114, 214) comprising an
air inlet (28), an air outlet (30), a body (40) in which
are formed a blind hole (46) having a sidewall, a com-
pression chamber (42) in fluid communication with
the airinlet (28) and the air outlet (30), acompression
piston (60) configured for reciprocating in the com-
pression chamber (42) for providing compressed air
to the tire cavity (12) through the air outlet (30), a
hydraulic fluid passage (58) for providing hydraulic
fluid into the blind hole (46), and a guiding piston (56)
configured for reciprocating in the blind hole (46) in
sealed contact with the sidewall and for guiding a
reciprocating movement of the body (40) relative to
the compression piston (60).

2. The compressor according to claim 1, wherein the
body (40) comprises a wall tightly separating the
compression chamber (42) and the blind hole (46).

3. The compressor according to claim 1 or 2, wherein
the compression piston (60) and the guiding piston
(56) extend in parallel directions such that the body
(40) is moved relatively and in parallel to the com-
pression piston and the guiding piston upon actua-
tion by hydraulic fluid pressure provided to the blind
hole (46).

4. The compressor according to at least one of the pre-
vious claims, wherein the compression piston (60)
and the guiding piston (56) are rigidly fixed relative
to each other, and wherein the body (40) moves rel-
atively to the compression piston and the guiding
piston.

5. The compressor according to at least one of the pre-
vious claims, wherein the compressor (14, 114, 214)
comprises a support (32) to be mounted to the tire
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10.

1.

12.

13.

(4), the compression piston and the guiding piston
being rigidly fixed to the support (32) and the body
being moveable in relation to the support (32).

The compressor according to at least one of the pre-
vious claims, wherein the compression piston (60)
may extend in the compression chamber (42) along
a longer portion than the guiding piston (56) may
extend in the blind hole (46).

The compressor according to at least one of the pre-
vious claims, wherein the body (40) is arranged and
configured to move between a compression state
and anintake state relative to the compression piston
(60).

The compressor according to at least one of the pre-
vious claims, wherein the compressor (14, 114, 214)
comprises two damping plates (78) disposed at op-
posing faces of the body (40) to damp the body abut-
ting the support (32) when reciprocating between the
compression state and the intake state.

The compressor according to at least one of the pre-
vious claims, wherein the compression piston (60)
and the guiding piston (56) are movable along two
different parallel axes offset from each other.

The compressor according to at least one of the pre-
vious claims, wherein the body (40) comprises an
inletchamber (44), and a pipe in fluid communication
with the air inlet (44) and configured for reciprocating
in the inlet chamber (44).

The compressor according to claim 10, wherein the
pipe has an elongated shape, elongated in parallel
to the direction of reciprocating movement of the
guiding piston (56) and of the compression piston
(60), and two opposed ends, and wherein the pipe
comprises a through hole (54) connecting both ends.

The compressor according to at least one of the pre-
vious claims, wherein the inlet chamber (44) and the
compression chamber (42) are in fluid communica-
tion through a passageway (48); and, optionally,
wherein the compression chamber (42) has a shape
of a bore comprising a bottom, a sidewall and an
opening and the passageway (48) forms an aperture
in the sidewall.

The compressor according to at least one of the pre-
vious claims, wherein in a decompression state, the
passageway (48) is in fluid communication with the
compression chamber (42), and in a compression
state the compression piston (60) blocks fluid com-
munication between the passageway (48) and the
compression chamber (42).



14.

15.
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A tire assembly comprising a pneumatic tire (4) hav-
ing atire cavity (12) and a compressor (14, 114, 214)
according to at least one of the previous claims.

The tire assembly according to claim 14, wherein the
tire assembly comprises a hydraulic actuator in fluid
communication with the blind hole via the hydraulic
fluid passage and/or wherein tire (4) comprises a
sidewall (8), and wherein the compressor (14, 114,
214) is mounted inside the tire cavity (12) on the
sidewall (8).
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