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Description

BACKGROUND

[0001] The present invention relates generally to ve-
hicle tire pressure maintenance, and more specifically,
to tire pressure maintenance devices contained on a
wheel of a vehicle that automatically regulate and main-
tain a desired tire inflation pressure or amount of air in a
tire.
[0002] Under-inflation of vehicle tires is dangerous,
deadly, and common. Under-inflation is involved in hun-
dreds of thousands of accidents, tens of thousands of
injuries, and hundreds of fatalities annually in the U.S.
During 2000, a large number of SUV rollovers and deaths
were attributed to significantly under-inflated tires, bring-
ing significant attention to the problem. In hope of reduc-
ing the unacceptably high rate of accidents, injuries, and
deaths related to under-inflation, the United States Con-
gress passed the TREAD Act of 2000 that requires a
warning system in new motor vehicles to indicate to the
operator when a tire is significantly under-inflated. Con-
sequently, the National Highway Traffic Safety Adminis-
tration (NHTSA) proposed a safety standard requiring
that as of 2007, all new passenger cars, trucks, multipur-
pose passenger vehicles, or busses under 10,000
pounds must be equipped with a tire pressure monitoring
system (TPMS) to warn a driver when any tire is under-
inflated by 25% or more. The program is estimated to
cost well over $1 billion annually.
[0003] However, even if the controversial TPMS pro-
gram achieves its estimates it will reduce under-inflation
related accidents by about 20%. Many industry experts
doubt that it will help at all. A device that automatically
maintains proper tire inflation will eliminate almost all ac-
cidents, injuries, and deaths due to under-inflation. In ad-
dition, an effective tire pressure maintenance device will
improve fuel efficiency by about 2% and will reduce tire
tread wear by about 10%, more than paying for the de-
vices and saving many billions of dollars annually in the
U.S. if in widespread use.
[0004] The temperature of air in a tire has a major effect
on the pressure of air in the tire that must be considered
in any approach to tire pressure maintenance. Figure 1
shows how tire pressure varies with temperature accord-
ing to the ideal gas law. The four pressure-temperature
(PT) lines illustrate the pressure-temperature behavior
of a tire filled to 32 psi at air temperatures of 20, 40, 60,
and 80°F, assuming a constant tire volume. The four PT
lines represent four different amounts of air in the tire.
Ambient temperature variations and tire heating from roll-
ing make tire temperatures and pressures move up and
down along the PT line denoting the amount of air in the
tire. A tire will move to a higher PT line only when air is
added and to a lower line only when air is released or
leaks out of the tire.
[0005] As shown in Figure 1, the pressure in a tire in-
creases and decreases about 1 psi with temperature in-

creases and decreases of 10°F. Normally, as a car is-
driven the temperature in the tire increases about 2 to 5
psi above its "cold" pressure (at ambient temperature)
due to the heat caused by flexing of the side-walls and
friction from road contact. The recommended manual tire
inflation procedure is to fill tires monthly to the manufac-
turer’s recommended cold pressure (MRCP or "placard"
pressure) at ambient temperature. In practice, tires are
usually filled less often and while warm from driving. An
ambient temperature drop of 50°F, possible within a day
and common within a month, reduces tire pressure by
about 5 psi. Thus, tire pressures frequently fall 8 psi below
the MRCP, typically 25%, without considering the normal
leak rate of about 1 psi per month. Most under-inflation
is due to inadequate manual tire pressure maintenance
and it is killing and maiming people at an unacceptable
rate.
[0006] Two approaches to automatic tire pressure
maintenance goals are:

1) Constant Pressure - maintains the MRCP inde-
pendent of temperature by adding air when the warm
tire pressure is below its warm objective (about 3 psi
above the MRCP); and
2) Constant Amount of Air - maintains the amount of
air in the tire that produces the MRCP at a selected
temperature by adding air any time the tire temper-
ature and pressure fall below the related PT line.

[0007] Both approaches replace air that leaks from
tires and assure less variation from the MRCP than man-
ual inflation procedures, with or without a TPMS. The
constant amount of air approach will minimize deviations
from the PT line due to temperature changes and will
minimize the amount of air pumped into a tire to maintain
the desired inflation pressure.
[0008] DE 100 01 348 discloses a system that gener-
ates and measures the required air pressure at the
wheels electromechanically. Pressure measurement da-
ta and control commands are transferred by radio and
the required electrical energy is produced from the rota-
tion of the wheel. Tire pressure can be set manually and
automatically by an on-board computer.
[0009] WO 2005/007425 discloses a system for pres-
sure control in one or more tyres on a vehicle wheel by
means of a piston pump connected to the tyre of the
wheel. A magnet attached next to the wheel attracts an
anchor, which is in connection with the pump piston at
every rotation when the wheel with the pump moves past
the magnet. During the rest of the rotation of the wheel
a spring device returns the piston.
[0010] US 2004/016492 discloses a tire pump with the
wheel rim of a vehicle. The pump is activated electro-
magnetically to inflate the tire as desired, e.g. when tire
pressure is below a required value. The pump is arranged
to draw air from the atmosphere and pump into an interior
portion of the tire. A magnetized plunger within the pump
is biased to an initial position by a biasing element. En-

1 2 



EP 1 817 180 B1

3

5

10

15

20

25

30

35

40

45

50

55

ergizing an electromagnet generates a magnetic field.
The pump is arranged to rotate in and out of the magnetic
field.
[0011] Many patents have been granted on approach-
es to automatically maintain the desired inflation pres-
sure in pneumatic tires. None address temperature var-
iation significantly. Of the related approaches, one in-
volves a difficult generation of two continuous out of
phase A.C. voltages that are rectified to provide a con-
tinuous D.C. power source for a D.C. motor-driven air
compressor on the wheel. Another discloses a battery
operated compressor contained on a wheel with no prac-
tical means for recharging the battery. Another requires
a TPMS or an on-wheel pressure sensor to send low tire
pressure data from the wheel to the vehicle body in order
to activate an electromagnet that drives a compressor
on the wheel. However, none have produced a practical
device. Therefore, there are needs in the art for a tire
pressure maintenance means that:

• automatically maintains proper tire inflation without
operator attention or maintenance;

• is small, simple, practical, inexpensive and that pro-
vides long term reliable operation;

• is self-contained on a wheel assembly and operated
by wheel rotation;

• is fail safe such that failures do not cause deflation
or over-inflation of a tire;

• alerts drivers to excessive tire leaks or failures of the
pressure maintenance means; and

• provides a higher emergency inflation rate to mitigate
leak rates and increase the time for drivers to reach
a safe place.

BRIEF SUMMARY

[0012] A new device automatically maintains a desired
inflation pressure of an interior of a tire mounted on a
wheel of a vehicle according to claim 1. A magnetic ele-
ment is attached to a stationary part of a wheel assembly
and a compressor, such as a microcompressor that is
mounted on the rotating wheel, passes near the magnet,
thereby magnetically activating the compressor. The
magnetic element, which may be a stationary permanent
magnet or electromagnet, may thus be used as the driv-
ing element, and several magnetically-driven compres-
sor configurations are disclosed herein. The compressor
may perform at least one cycle per wheel revolution and
may replace normal car tire leakage. Alternatively, an
electrical coil can be mounted on the wheel to pass near
the magnetic element, thereby inducing voltage pulses
in the coil to provide on-wheel electrical power to run an
electrically-driven compressor that is mounted at another
location on the wheel.
[0013] Various embodiments of the device using such
a magnetic element include:

1) A stationary permanent magnet drives an on-

wheel magnetically activated compressor.
2) A stationary electromagnet drives an on-wheel
magnetically activated compressor.
3) A stationary permanent magnet and an on-wheel
coil drive an on-wheel electrically activated compres-
sor.
4) A stationary electromagnet and an on-wheel coil
form an intermittent split transformer that transfers
electrical power to the wheel to drive an on-wheel
electrically activated compressor and exchanges
pulse coded data between the wheel and vehicle
frame.

[0014] As mentioned above, the magnetic element is
mounted on the stationary member of the wheel assem-
bly, such as a brake housing, at a radial distance from
the axis of rotation. The compressor or coil may be
mounted on the wheel such that it passes near the mag-
net during each revolution of the wheel. The magnetic
element produces a magnetic field, which creates a mag-
netic force on the compressor. Additionally, a bias force,
which opposes the magnetic force, may be produced by
a bias member or source within the compressor, by cen-
trifugal force upon the compressor, or by another magnet
or pole. In one embodiment, the magnetic force and the
bias force cause a piston to reciprocate within a cylinder.
When the pressure in the compression chamber exceeds
the actual tire pressure and does not exceed the desired
inflation pressure, the compressor’s output valve opens
and compressed air flows into the tire. Thus, the com-
pressor maintains the desired inflation pressure of the
tire in response to transiting the magnetic field.
[0015] One of the simplest, smallest embodiments of
the present invention uses a stationary permanent mag-
net and a magnetically activated compressor on the
wheel. A magnet in the compressor provides a continu-
ous bias force that holds the compression chamber
closed, except when it is overpowered by passing near
the magnet (whose magnetic force is stronger than the
bias force) off the wheel that briefly opens the compres-
sion chamber, thus creating the reciprocating motion of
the compressor. The bias force may vary the desired
inflation pressure with temperature to match the ideal
gas law, thereby regulating the amount of air in the tire
to produce the desired inflation pressure at a selected
temperature. A compressor that will supply 0.001 to
0.002 cubic inch of free air to a tire each wheel revolution
is capable of increasing a normal car tire pressure by 1
psi within 50 to 100 miles of driving, well above normal
leakage rates. Such a magnetically-driven compressor
may occupy a fraction of a cubic inch and weigh a fraction
of an ounce. The device can be added to a Tire Pressure
Maintenance System (TPMS) equipped vehicle, but a
TPMS may add little value to a vehicle equipped with a
device that maintains the desired tire pressure.
[0016] An alternative embodiment uses a stationary
electromagnet and a rotating electrical coil on the wheel
to form an intermittent split pulse transformer briefly dur-

3 4 



EP 1 817 180 B1

4

5

10

15

20

25

30

35

40

45

50

55

ing each revolution as the coil passes the stationary elec-
tromagnet. The intermittent transformer transfers electri-
cal power from the vehicle to the wheel and provides two-
way pulse communication between the vehicle and
wheels. The electrical power on the wheel activates an
electrically-driven compressor to maintain the desired
tire inflation and provides power to on-wheel electronics.
An on-wheel electronic controller may manage compres-
sor operation and control two-way communication with
a central controller on the vehicle. It sends data on com-
pressor utilization or output flow rate to the central con-
troller from which too high a rate suggests a leak, and
too low a rate suggests a device failure. The central con-
troller warns the driver of either such condition by a simple
display. Addition of a small rechargeable battery whose
charge is maintained by power from the transformer pro-
vides reserve power to run the compressor at high speed
to mitigate rapid leaks, increasing time to reach safety
before the tire goes flat.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] These and other features and advantages of
the various embodiments disclosed herein will be better
understood with respect to the following description and
drawings, in which like numbers refer to like parts
throughout, and in which:

Figure 1 is a graph showing the relationship of air
pressure and temperature along pressure-tempera-
ture lines in a tire filled with four different amounts
of air to the manufacturer’s recommended cold pres-
sure (MRCP) at different temperatures;
Figure 2 is a partial cross-section view of an exem-
plary automobile wheel assembly showing an exam-
ple location of a magnetic element on a stationary
disc brake caliper housing and a magnetically-driven
compressor located on a wheel rim at a time when
the wheel rotation places them adjacent in accord-
ance with an embodiment of the present invention;
Figure 3 is an oblique view illustrating the magnetic
element and compressor arrangement of Figure 2 in
greater detail;
Figure 4 is a cross-section view of a compressor that
includes a cylinder and a piston with a magnetic ac-
tuator and bias magnets, depicted at a position ad-
jacent to the stationary permanent magnet;
Figure 5 is a partial cross-section view of another
example arrangement on an automobile wheel as-
sembly with a stationary electromagnet and a mag-
netically-driven compressor wherein the compres-
sor output is connected to a tire valve stem by a
pneumatic tube;
Figure 6A is a cross-sectional view of an intake po-
sition of a magnetic diaphragm compressor when
passing the stationary electromagnet;
Figure 6B is a cross-sectional view of an output po-
sition of the magnetic diaphragm compressor whose

output is connected by pneumatic tube to the tire
valve stem as shown in Figure 5;
Figure 7 is a cross-section view of a compressor
when adjacent to the stationary electromagnet
wherein a bias force on the piston is created by cen-
trifugal force of the rotary motion of the compressor;
Figure 8 is an oblique view of a magnetically-driven
compressor that is activated by passing each pole
of an electromagnet;
Figure 9 is a partial cross-section view of an exem-
plary automobile wheel assembly wherein the sta-
tionary permanent magnet is mounted on a drum
brake backing plate of the wheel assembly where an
electrical coil, mounted on a wheel rim, passes close
to the magnetic element and is in electrical commu-
nication with an electrically-driven compressor locat-
ed over a wheel hub and in fluid communication with
the valve stem via the pneumatic tube;
Figure 10 is a schematic diagram of the arrangement
in Figure 9 showing the optional addition of a power
supply and rechargeable battery and illustrating use
of a bias member, depicted as a compression spring;
Figure 11 is a cross-section view of a partial auto-
mobile wheel assembly with an electromagnet
mounted on a disc brake caliper housing and an elec-
trical coil mounted on a wheel spoke thereby forming
an intermittent split transformer for transferring elec-
trical power from the vehicle to the wheel and for
communicating between the wheel and a central
controller on the vehicle;
Figure 12 is a schematic diagram of the electromag-
net and electrical coil forming an intermittent split
pulse transformer that provides induced electrical
pulses directly to the electrically-driven compressor;
Figure 13 is a schematic diagram of an embodiment
using the intermittent split pulse transformer to trans-
fer electrical power from the vehicle to operate the
electrically-driven compressor and on-wheel elec-
tronics, and to transfer pulse coded data in both di-
rections between the vehicle frame and the wheel to
alert a driver to suspected leaks or failures; and
Figure 14 is a schematic diagram of an embodiment
as in Figure 13 in which the magnetically-driven com-
pressor and the electrical coil pass the electromag-
net sequentially, the electrical coil supplying electri-
cal power to only the on-wheel electronics and pro-
viding two-way pulse coded communication of alerts
and control data between the vehicle and the wheel.

DETAILED DESCRIPTION

[0018] Referring now to the drawings wherein the
showings are for purposes of illustrating the preferred
embodiments of the present invention and not for pur-
poses of limiting the same, Figure 2 is a cross-section
view of a partial automobile wheel assembly 10 and a
device 12 for maintaining a desired inflation pressure of
an interior of a tire 14 by using the rotation of the wheel
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22 with respect to the wheel assembly 10. As is known
in the art, various configurations exist for vehicle wheel
assemblies 10. Wheel assemblies are generally movably
attached to a vehicle frame by a suspension and in some
cases, by a steering mechanism. For simplicity, the em-
bodiments of the present invention will be discussed with
reference to generic elements that are commonly present
in most wheel assemblies 10. However, as will be under-
stood, implementations of the present invention may be
retrofitted into a variety of existing wheel assemblies 10
or designed into new wheel assemblies 10 of differing
configurations.
[0019] Wheel assemblies 10 may include many mem-
bers that do not rotate with the wheel 22, some of which,
such as a brake assembly, retain a very close relationship
with the wheel. Such items are referred to hereafter as
stationary members, meaning stationary with respect to
a wheel assembly 10. Although they may move with re-
spect to the vehicle frame, they do not rotate with the
wheel.
[0020] As shown in Figure 2, the wheel assembly 10
includes a stationary member such as a disc brake caliper
housing 18, a drum brake backing plate 20, as shown in
Figure 5, as well as any other of a variety of stationary
members of a wheel assembly 10. Further, Figures 2 and
3 also illustrate that the wheel assembly 10 includes a
wheel 22 that defines an interior portion 24 and an axis
of rotation 26. It is contemplated that the interior portion
24 of the wheel 22 may refer to numerous locations along
the wheel 22, such as a wheel rim 28 or a wheel spoke
96. The tire inflation device 12 comprises at least one
magnetic element 30 on the stationary member and a
compressor 32 that rotates with the wheel 22. The mag-
netic element 30 is mounted on the stationary member
at a radial distance r from the axis of rotation 26. Accord-
ing to an embodiment of the present invention shown in
Figure 4, the magnetic element 30 is operative to produce
a magnetic field 36 that the magnetically-driven compres-
sor 32 transits once per wheel revolution. The magnetic
element 30 may be a stationary permanent magnet 37,
as shown in Figure 4, or an electromagnet 38, as shown
in Figure 10. The electromagnet 38 may be powered by
receiving a current from a power source 40, such as a
vehicle battery 42.
[0021] The compressor 32 is mounted on the interior
portion 24 of the wheel 22. Thus, as the wheel 22 rotates
relative to the stationary member of the wheel assembly
10 the compressor 32 transits the magnetic field 36 dur-
ing each revolution of the wheel 22. In response to the
presence of the magnetic field 36, the compressor 32
operates to maintain the desired inflation pressure within
the tire 14 by intaking air from the atmosphere, compress-
ing the air, and outputting the air into the tire 14. Thus,
the compressor 32 is in fluid communication with the at-
mosphere and the tire 14. The compressor 32 may be a
magnetic compressor. The compressor 32 includes a
compressor body 44. Figures 2, 3 and 4 illustrate the
relationship of the compressor 32 with respect to the

magnetic element 30 as the compressor 32 transits the
magnetic field. As shown in these Figures, the magnetic
element 30 and the compressor 32 are disposed at ap-
proximately the same radial distance 34 from the axis of
rotation 26, and the compressor 32 is positioned to pass
close to the magnetic element 30. It is contemplated that
various modifications to the general configuration may
be implemented so as to further enhance the magnetic
communication of the magnetic element 30 and the com-
pressor 32 and to facilitate mounting on various wheel
assemblies 10.
[0022] In addition to the features already mentioned,
the device 12 further includes means for regulating output
pressure of the compressed air to the desired inflation
pressure. As will be noted further below, the regulation
of the output pressure of the compressed air may be ac-
complished without off-wheel aid. Thus, embodiments of
the present invention may operate independent of con-
trollers, regulators, or other devices and provide an in-
dependent, self-sufficient device that maintains the de-
sired inflation pressure within the tire 14.
[0023] Referring now to Figure 4, there is illustrated a
cross-section view of the stationary permanent magnet
37 and the compressor 32 as the compressor 32 transits
the magnetic field 36. The compressor 32 may include
an intake valve 46, an output valve 48, a centrifugal valve
78, an intake plenum 86, and an intake port 88. The intake
port 88 and the centrifugal valve 78 are operative to intake
air into the compressor 32. The intake valve 46 is oper-
ative to intake air into the compression chamber 33, and
the output valve 48 is operative to output air from the
compression chamber 33 into the output port 66, which
is in fluid communication with the tire 14. The compressor
32 utilizes the intake and output valves 46, 48 to maintain
the desired inflation pressure of the tire 14.
[0024] In the embodiment shown in Figure 4, the com-
pressor 32 includes a compression chamber 33 and an
actuator. The compression chamber 33 defines a cham-
ber volume, which volume may be increased or de-
creased by the action of the actuator. The compressor
32 may include a cylinder 50 and a piston 52. The portion
of the cylinder 50, not occupied by the piston 52, in which
air is compressed, is referred to as the compression
chamber 33. The piston 52 may include a piston base
53, as shown in Figure 4. In the embodiments shown in
Figures 4 and 10, the actuator is the piston base 53 of
the piston 52. The piston 52 is slidably positionable within
the cylinder 50 to reciprocate between input and output
positions. The output position is shown in Figure 10. The
piston base 53 may be ferromagnetic to be responsive
to magnetic forces. The cylinder 50 is in fluid communi-
cation with the intake and output valves 46, 48. Further,
the cylinder 50 may define a cylinder axis 54. As shown
in Figures 2 and 3, the compressor 32 may be mounted
with the cylinder axis 54 being parallel to the axis of ro-
tation 26 to allow the motion of the compressor’s piston
52 to be orthogonal to the centrifugal force created by
the rotation of the wheel 22. As the compressor 32 passes
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the magnet 30, it passes through the magnetic flux path
which follows the path of the magnetic field 36 as shown
by the arrows. The magnetic flux path of the magnetic
field 36 passes through the air gap and ferromagnetic
piston base 53 and permanent magnet 37. It should be
noted that the magnetic field 36, which is well-known in
the art as being a three-dimensional phenomenon, is rep-
resented by the two dimensional magnetic flux path
shown in the figures. The magnetic element 30 may be
wider than the compressor 32 in the direction of relative
motion to lengthen the time that the full magnetic force
is applied to the compressor 32 as it transits the magnetic
field.
[0025] Referring still to Figure 4, the air path through
the compressor 32 begins at the centrifugal valve 78 at
the intake port 88 which may be held closed by bias mag-
nets 60 at vehicle speeds below a predetermined speed
(e.g. 15 mph) at which the centrifugal force expels po-
tential liquid or solid contaminants preventing their entry
through the centrifugal valve 78. Above that predeter-
mined speed, the centrifugal force on the centrifugal
valve 78 overcomes the magnetic bias force holding the
centrifugal valve 78 closed and opens the centrifugal
valve 78 to allow clean air to enter the intake plenum 86.
The compressor body 44 around the centrifugal valve 78
may be shaped to modify the air flow to deflect airborne
particles away and reduce pressure differences due to
the Bernoulli Effect. The intake plenum 86 may occupy
spare space within the compressor 32 between the cen-
trifugal valve 78 and the intake valve 46, and may include
a membrane 79 that passes air, but resists passage of
water, as shown in Figures 6A and 6B. Air may also flow
through an air filter 80 that may be in the piston 52 (as
shown in Figure 4) or in the intake plenum 86 (as shown
in Figure 6A) and then through the intake valve 46 into
the compression chamber 33.
[0026] An intake stroke of the piston 52 may occur as
the compressor 32 transits the magnetic field and the
magnetic force on the piston base 53 draws the piston
52 outward of the cylinder 50. The outward movement
of the piston 52 increases the volume of the compression
chamber 33 and creates a partial vacuum in the com-
pression chamber 33 that opens the intake valve 46 and
draws air in from the intake plenum 86 through a filter
80. The intake stroke, as may be visualized from Figure
4, is performed as the piston 52 moves toward an intake
position. The intake position is achieved when the piston
52 is positioned with the compression chamber 33 sub-
stantially having a maximum chamber volume. The pis-
ton 52 is further operative to expel air from the cylinder
50 into the tire 14 via the output valve 48 as the piston
52 moves toward an output position during an output
stroke, in which the piston 52 is positioned with the com-
pression chamber 33 substantially having a minimum
chamber volume. The output stroke is performed when
the piston 52 moves away from the magnetic element 30
which reduces the volume of the compression chamber
33 and causes the air within the cylinder 50 to be evac-

uated therefrom and expelled into the tire 14. The intake
and output valves 46, 48 are preferably check valves.
Thus, as the cylinder 50 intakes air, the output check
valve 48 may insure that no air from the tire 14 enters
the cylinder 50. Further, when the cylinder 50 is expelling
air into the tire 14, the intake check valve 46 may insure
that no air intended for the tire 14 exits through the intake
valve 46.
[0027] According to another embodiment of the
present invention, as shown in Figure 4, two bias mag-
nets 60 apply a bias force on the ferromagnetic piston
base 53 (magnetic actuator) that holds the piston in the
output position minimizing the volume of the compression
chamber 33. When the compressor rotates to the position
adjacent the stationary magnet 37, as shown in Figure 3
and 4, the magnetic force applied by the magnet 37 on
the piston base 53 overpowers the bias force and pulls
the piston 52 out on the intake stroke, maximizing the
volume of the compression chamber 33. As mentioned
above, this creates a partial vacuum in the compression
chamber 33 and draws air into the compression chamber
33 from the intake plenum 86 through the intake check
valve 46. As the compressor 32 passes the magnet 37
the magnetic flux follows the path 36 as shown by the
arrows in Figure 4 through the air gaps, the ferromagnetic
piston base 53, and magnetic element 37. The magnetic
element 37 may be wider than the compressor 32 in the
direction of relative motion to lengthen the time that the
full magnetic force is applied to the piston base 53 as it
transits the magnetic field.
[0028] As the compressor transits the stationary mag-
net 37 the bias force on the piston base 53 returns the
piston 52 to an output position on an output stroke. As
the volume of the compression chamber 33 is reduced
the air is compressed. If the maximum pressure provided
by the bias force is less than the tire pressure that appears
in the output port 66 the output valve 48 remains closed
and no air is forced into the tire 14. If the pressure created
in the compression chamber 33 by the bias force exceeds
the tire pressure, the output valve 48 opens and air flows
into the output port 66. Thus, selecting or adjusting the
bias force to the desired inflation-pressure fixes the max-
imum pressure to be applied to the tire 14 and is used to
establish the desired tire inflation pressure. For example,
if the bias force on the piston base is 1.7 pounds and the
piston area is 0.05 square inches, the bias pressure is
34 psi, the maximum pressure produced. The bias force
for a device is selected or adjusted to the desired tire
pressure, typically the MRCP (manufacturer’s recom-
mended cold pressure or "placard pressure"), at the av-
erage ambient temperature.
[0029] The compressed air enters the tire 14 from the
output port 66 through fluid communication with a pene-
tration 64 (hole) of the rim 28, as in Figures 2, 3, and 4,
or alternatively by a pneumatic tube 70 to a valve stem
72, as shown in Figure 5. As shown in Figure 4, the intake
and output valves 46, 48 may provide two one-way check
valves that prevent air from flowing backwards from the
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tire 14 through the compressor 32 in the event of a valve
failure in the open position.
[0030] As shown by Figures 2 and 3, the compressor
32 may be mounted with the cylinder axis 54 being par-
allel to the axis of rotation 26 to allow the motion of the
compressor’s piston 52 to be orthogonal to the centrifugal
force created by the rotation of the wheel 22. Each rev-
olution of the wheel 22 causes one cycle of the compres-
sor 32, forcing a tiny amount of air into the tire 14 when
the tire pressure is below the desired inflation pressure.
The compressor may be sized to overcome a nominal
tire leakage rate of about 1 psi per month and a minimum
number of miles a vehicle may travel monthly.
[0031] Although it is preferred that the magnetic ele-
ment 30 drive the input stroke and the bias member 60
drive the output stroke, it is contemplated that the mag-
netic element 30 may drive the output stroke and that the
bias force may drive the input stroke of the piston 52.
[0032] The bias member 60 may be selected or ad-
justed to provide a fixed bias force at a selected temper-
ature that determines the desired fixed pressure that the
compressor 32 maintains in the tire 14 when warm (nor-
mally the MCRP plus 2 or 3 psi). Providing a calibrated
adjustment to the bias force may permit manual change
of the desired tire pressure to adapt to seasons, loads,
or other conditions. If a tire is inadvertently filled with too
much air the normal tire leak rate will gradually correct
this without compressor operation.
[0033] Two alternative approaches to tire safety may
be followed utilizing embodiments of the present inven-
tion. First, one may seek to fix the desired inflation pres-
sure at the MRCP or other pressure as desired. As such,
the compressor 32 may be required to add air to the tire
14 to compensate for pressure losses due to leaks or
drops in the ambient temperature. As an alternative to
the fixed pressure approach, one may seek to maintain
constant the amount of air in the tire 14. Specifically, one
may seek to maintain constant the mass of air particles
in the tire 14. For example, the compressor 32 may vary
the bias force with temperature to make the desired in-
flation pressure approximate a selected PT line 92 in Fig-
ure 1. This is achieved by maintaining a constant ratio of
absolute pressure to absolute temperature in the tire.
This maintains the amount (mass) of air in the tire 14
constant at the amount of air that produces the MRCP
at the chosen average ambient temperature. Each PT
line 92 in Figures 1 represents the PT relationship of a
specific amount of air in the tire 14 according to the ideal
gas law (PV=nRT), assuming constant volume. For ex-
ample, the compressor 32 may be configured to follow
the PT line 92 that intersects the horizontal MRCP 32 psi
line at 60°F. That line becomes the desired PT line 92
for the compressor 32. To maintain the desired amount
of air in the tire 14, the bias force is increased with tem-
perature to increase the desired inflation pressure with
temperature. The bias member’s 60 mounting may be
configured to vary the bias magnets’ 60 position with tem-
perature thereby changing the bias force with tempera-

ture to approximate the selected PT line. The compressor
32 adds air to the tire 14 when the pressure-temperature
(PT point) of the air in the tire 14 is below the desired PT
line 92.
[0034] During installation of the device 12, the bias
force of the compressor 32 may be selected or adjusted
to follow a desired PT line 92 ("compressor’s PT line")
that intersects the MRCP at an average ambient temper-
ature for the area of use. The tire pressure normally stays
on a PT line determined by the amount of air in the tire.
Of course, occasional additions by the compressor 32 to
the amount of air in the tire 14 will be required due to
leakage in the tire 14. In other words, the compressor 32
maintains the amount of air in the tire 14 constant, and
the pressure of the tire 14 may fluctuate with temperature.
This Constant Amount of Air approach may require add-
ing less air to the tire and may keep the tire pressure
closer to the desired pressure than the simpler Constant
Pressure approach. Thus, in the fixed-amount-of-air al-
ternative, only when air is added or released (or escapes)
will the tire move to a higher or lower PT line. If the tire’s
PT point is below the compressor’s PT line 92, the com-
pressor 32 pumps a small amount of air into the tire 14
each wheel 22 revolution. If the tire’s PT point is above
the compressor’s PT line 92, no air is pumped into the
tire 14 and normal leaks bring the tire’s PT point down
to the compressor’s PT line 92. Using this fixed-amount-
of-air paradigm, the compressor 32 replaces leakage air
and maintains the amount of air in the tire 14 nearly con-
stant, keeping it on the selected compressor PT line 92
and minimizing the amount of air that must be added to
the tire 14.
[0035] The bias magnets 60 may be mounted at one
end of temperature sensitive positioning rods 94 that es-
tablish the separation of the bias magnets 60 from the
piston base 53 for three purposes: (1) to select the com-
pressor’s PT line 92; (2) to vary the desired inflation pres-
sure with temperature to match the selected PT line 92;
and (3) to offset the bias magnets’ decreasing strength
with increasing temperature. The positioning rods 94 es-
tablish the separation of the bias member 60 from the
piston base 53 at the end of the output stroke. The posi-
tioning rod has a high thermal coefficient of expansion
(TCE) and is mounted to provide good thermal commu-
nication with the air in the tire. By configuring the TCE
materials, their exposure to the air in the tire, and the
separation of the bias magnets from the piston base, the
desired inflation pressure provided by the bias force may
be established.
[0036] Figures 5, 9, and 11 illustrate other example
mounting arrangements and Figures 6A, 6B, 7, and 8
illustrate other example embodiments of magnetic ele-
ments 30 and magnetically-driven compressors 32.
These figures are generally schematic illustrations of
concepts rather than realistic design illustrations. For
simplicity, centrifugal valves, filters, and means to vary
the desired inflation pressure with temperature are not
shown in all cases, although they are contemplated. In
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most embodiments the compressor may be mounted to
the wheel rim 28 as shown in Figures 2 and 3 or to a
wheel spoke 96 as shown in Figures 9 and 11. Its output
may be by a direct penetration of the rim 28 by attaching
the output port 66 through a hole 64 in the rim as shown
in Figures 2 and 3 or by pneumatic tube 70 to the wheel’s
valve stem 72. The magnetic element 30 may be attached
to the brake housing 18 as shown in Figure 2 or any other
stationary member of the wheel assembly 10 where the
compressor 32 can be mounted to pass close to it. The
shapes and sizes of magnetic members may assume
many varied configurations. Figures 7 and 10 illustrate
different biasing means using centrifugal force or a spring
for the biasing force.
[0037] Figure 5 shows an example mounting with an
electromagnet 38 mounted on a drum brake backing
plate 20 and the compressor 32 mounted on the wheel
spoke 96 with a pneumatic tube 70 connecting the output
port 66 of the compressor 32 to the valve stem 72. The
central controller 100 directs current from the vehicle bat-
tery 41 to an electromagnet winding 116, as shown in
Figure 8, to produce the magnetic field 36 while the com-
pressor 32 transits the magnetic field 36. It may deter-
mine the location and speed of the compressor on the
wheel using a Hall Effect sensor to sense the passing of
a small signal magnet mounted on the wheel a known
angle from the compressor 32. It then determines the
speed and position of the compressor and the time of its
next transit.
[0038] Referring now to Figures 6A and 6B, the elec-
tromagnet 38 and magnetically-driven diaphragm com-
pressor 32 embodiment whose intake position is illustrat-
ed in Figure 6A and output position is illustrated in Figure
6B may be used in the mounting configuration in Figure
5. In this embodiment, the actuator is a ferromagnetic
diaphragm 59. A short pneumatic tube attached to the
port 66 conveys the output air to the tire 14 via its valve
stem 72. The magnetic element is shown as an electro-
magnet 38, although it may just as well be a permanent
magnet 37. The diaphragm 59 preferably comprises fer-
romagnetic particles embedded in a flexible diaphragm
material. Figure 6A shows the compressor 32 adjacent
the magnetic element 38 where the flexible magnetic ac-
tuator 59 is magnetically drawn to the intake position by
the electromagnet 38, drawing air into the compression
chamber 33 from the intake plenum 86 through the filter
80 and the intake check valve 46. Figure 6B shows the
flexible magnetic diaphragm 59 held in the output position
by the bias magnet 60, forcing the compressed output
air out of the compression chamber 33 through the output
check valve 48. The compressor body 44 is mostly non-
magnetic, but includes two ferromagnetic pole extenders
61 that effectively shorten the air gap between the mag-
netic element 30 and the flexible magnetic actuator.
[0039] Figure 7 illustrates an embodiment using cen-
trifugal force on the piston 52 and piston base 53 as the
bias force to drive the piston’s output stroke. The com-
pressor 32 is oriented such that the cylinder axis 54 is

perpendicular to the axis of rotation 26 and parallel with
the centrifugal force created by the rotation of the com-
pressor 32 about the axis of rotation 26. As such, the
centrifugal force acts as a continuous bias force on the
piston base 53 and the piston 52 that drives the piston
52 toward the output position, compressing the volume
of the compression chamber 33. The compressed air ex-
its through the output valve 48 and the output port 66 that
penetrates the wheel rim 28. The magnetic element is
shown as an electromagnet 38 but can alternatively be
a permanent magnet. As the compressor 32 passes the
electromagnet 38 the electromagnet 38 is pulsed by a
central controller 100 creating the magnetic field 36 that
draws the piston base 53 toward the intake position on
the intake stroke, overcoming the centrifugal bias force
on the piston 52. Because the centrifugal bias force varies
with vehicle speed, it is not usable to limit the pressure
to the desired inflation pressure. Rather, a pressure limit
valve 74 may be located in the piston 52 to release air
from the compression chamber 33 to the intake plenum
86 when the pressure in the compression chamber 33
exceeds the desired tire inflation pressure, thereby lim-
iting the output pressure to that at which the limit valve
74 opens. The ball and spring pressure limit valve 74
shown is oriented perpendicular to the cylinder axis 54
as shown in Figure 7 to prevent centrifugal force from
affecting limit valve 74 operation. Alternatively, the pres-
sure limit valve 74 may be placed at the output port 66
to release air to the atmosphere or to the intake plenum
86 when pressure in the output port 66 exceeds the de-
sired tire inflation pressure. In this case, another check
valve is placed between the tire 14 and the pressure limit
valve 74 to prevent a failure of the pressure limit valve
74 from releasing air from the tire 14 to the atmosphere
or intake plenum 86. The centrifugal valve 78 uses a disc
spring 84 to continuously force the valve plug into the
valve seat and uses centrifugal force to overcome the
bias spring 84 force and open the centrifugal valve 78 at
a predetermined vehicle speed.
[0040] The embodiments described above involve one
compressor cycle of one intake stroke and one output
stroke on each passage of the compressor 32 by the
magnetic element 30. Such embodiments assume that
one stroke, such as the intake stroke, occurs during the
time period that the compressor is passing the magnetic
element 30. The other stroke occurs during the balance
of the wheel revolution. Other embodiments may reverse
the input and output strokes. However, Figure 8 shows
a magnetic configuration that may provide two compres-
sor cycles on one transit of the magnet element 38 by
the compressor 32. The compressor 32 transits two sep-
arated poles 87 of the magnetic element 38. Transit of
each pole 87 initiates one of an intake stroke and an
output stroke in the compressor 32. While the compres-
sor 32 is passing between the two poles 87, the magnetic
field 36 from the magnetic element 38 falls off and the
bias force initiates the other one of the input and output
stroke. If the space between poles 87, the speed of ro-
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tation of the wheel 14, and the speed of the strokes are
properly balanced, the first two strokes will end before
the compressor 32 reaches the second pole 87 and ini-
tiates another intake stroke. Thus, with some configura-
tions, more than one compressor cycle can be completed
during one wheel revolution.
[0041] Whereas magnetic fields of opposite polarity
have the same attracting effect on non-magnetized fer-
romagnetic material, magnetic fields of opposite polarity
will attract or repel a permanent magnet, depending on
the arrangement of the magnetic poles 87. Unlike poles
attract and like poles repel. Thus, if the actuator is mag-
netic, such as if the piston base 53 is a permanent mag-
net, the compressor 32 may undergo alternating intake
and output strokes upon passing two opposite poles 87
of the stationary magnetic element 30 separated in the
direction of relative motion. This result may thus be ac-
complished without a bias force, and result in two strokes
per wheel revolution. Embodiments without a bias force
may use a pressure limit valve 74 as described above to
establish and regulate the desired tire inflation pressure.
[0042] All of the embodiments described above use a
magnetically-driven compressor. The following embodi-
ments use an electric coil 104 to transit the magnetic field
36 of the magnetic element 30 and relay the induced
electrical energy received by the coil 104 to an electri-
cally-driven compressor 110. Figure 9 illustrates an ex-
ample arrangement showing a coil 104 connected by wire
98 to an electrically-driven compressor 110 mounted
over a wheel hub 99 and sending the output air through
a pneumatic tube 70 to the valve stem 72. As the electrical
coil 104 transits a magnetic field 36, a pulse of one polarity
is induced as the coil 104 enters the magnetic field 36
and a pulse of opposite polarity is induced as the coil 104
leaves the magnetic field 36, if the field 36 is wider than
the coil 104. Further, it is also possible that if the pulses
are far enough apart, they may each drive an intake
stroke and produce two compressor cycles in one wheel
revolution, which may also work in previously discussed
embodiments if the compressor 32, and not the coil 104
transits the magnetic field 36. Such electrical pulses may
directly drive an electrically-driven compressor 110. Al-
most any magnetically-driven compressor configuration
may be converted to an electrically-driven compressor
by attaching an electromagnet 38 that produces the type
of magnetic field needed by the magnetically-driven com-
pressor 32.
[0043] Figure 10 illustrates an embodiment that uses
the arrangement in Figure 9. The compressor 110 is
shown using a compression spring 62 as the bias mem-
ber to provide the bias force that drives the output stroke.
An alternative to using the bias force is to establish the
desired inflation pressure using a pressure activated
switch 76. The switch 76 may be activated by a sensor
that senses the pressure in the output port 66 of the com-
pressor 110 and open a circuit 111 from the coil 104 to
the compressor 110 when the output pressure is higher
than the desired tire inflation pressure, thereby causing

the compressor 110 to stop operating. When the com-
pressor 110 is mounted over the wheel hub 99, as shown
in Figure 9, the centrifugal valve 78 may be located suf-
ficiently off the axis of rotation 26 for proper operation
and be in fluid communication with the intake port 88 of
the compressor 110 by another pneumatic tube 70. The
intake pneumatic tube 70 may be filled with a filter ma-
terial as an added precaution.
[0044] An electronic power supply 112 may be provid-
ed to convert the electrical power received from the elec-
trical coil 104 to a form best suited to drive any type of
electrically-driven compressor 110. As mentioned, any
of the magnetically-driven compressor 32 embodiments
described above may be converted to an electrically-driv-
en compressor 110 by attaching an electromagnet 38,
as shown in Figure 10. Any type of electrically-driven
compressor may be used, such as a diaphragm com-
pressor, solenoid-driven compressor, stepping motor
compressor, or a D.C. or A.C. motor-driven compressor.
Electrical energy may be stored by a capacitor or by a
small rechargeable battery 114 that is kept charged by
rectified pulses from the coil 104.
[0045] Furthermore, the electromagnet 38 may be
configured to change the polarity of its poles 87 by re-
versing the direction of current through the electromag-
net’s winding 116, permitting more configurations. An un-
magnetized actuator with a bias force and a magnetic
element 30 with two wide poles 87 that are widely sep-
arated in the direction of relative motion may effect two
compressor cycles during one complete transit of the
magnetic element 30 by the compressor 32. If the output
of the electrical coil 104 is sent to an electromagnet 38
driving a compressor 110, as shown in Figure 10, and if
the piston base 53 is a permanent magnet, then the two
pulses of alternating polarity would drive one compressor
cycle from one transit of the coil 104 past the magnet 30,
without a bias member 60. A direct electrical connection
may be provided from the coil 104 to the compressor, as
shown in Figure 10. With the magnetic element configu-
ration in Figure 8, one transit produces the four induced
pulses of opposite polarity that may effect two complete
compressor cycles on one wheel revolution
[0046] In addition, any of the capabilities described
above to augment the magnetically-driven compressors
32 may be added to electrically-driven compressors 110,
including a centrifugal valve 78, pressure activated
switch, and bias force pressure regulation. If the config-
uration in Figure 10 is used with a TPMS, a switch similar
to switch 76 may be activated by the TPMS controller,
enabling more sophisticated control of the pressure-tem-
perature relationship.
[0047] Figures 11 and 12 illustrate another embodi-
ment using an electromagnet 38 for the magnetic ele-
ment, and an electrical coil 104 that may transit the mag-
netic field. The combination of electromagnet 38 and
electric coil 104 form an intermittent split pulse transform-
er 102 with a two-piece core. The transformer 102 may
comprise two separate pieces, with electromagnetic
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winding 116 on the electromagnet 38 serving as a primary
winding on its portion of the transformer core, and the
electrical coil 104 serving as a secondary winding and
its portion of the core. The primary winding of the elec-
tromagnet 38 is mounted on a stationary element of a
wheel assembly. The secondary winding of the electrical
coil 104 is mounted on the wheel 22 where it passes near
the primary winding once each wheel revolution, which
induces an electronic voltage variation in the coil 104.
The split transformer 102 is operative during the period
in which the two core portions are close enough to provide
good magnetic communication. As discussed herein, the
transformer 102 may be used in a variety of manners.
For example, the transformer 102 may provide power to
other components for assisting in maintaining tire pres-
sure, such as controllers, sensors, electrical energy stor-
age devices, and/or compressors. As shown in Figure
13, the output of the transformer 102 on the wheel may
feed an on-wheel electronic power supply 112 that pro-
vides power in the form needed by on-wheel electronic
elements and may also recharge a storage capacitor or
rechargeable battery 114 to store electrical energy for
later use. Further, the transformer 102 may transfer pulse
coded data in both directions between the vehicle frame
and the wheel 22. Those familiar with the TPMS may
recognize Figure 14 as a combination of a TPMS and
pressure maintenance device (compressor 110) where
the transformer 102 may serve the TPMS or compressor
110 or both. An on-wheel controller 120 may control the
compressor 110 based on information from in-tire pres-
sure and temperature sensors 124. A pressure activated
switch 76, or pressure limit valve 74, or the bias force
may limit the output pressure to the desired tire inflation
pressure. The electrically-driven compressor 110 may
be located anywhere on the wheel 22, preferably over
the wheel hub 99.
[0048] Figure 13 expands on the embodiment in Figure
12 by adding an on-wheel controller 120, an on-wheel
power supply 112, a simple driver display 128, and a
small rechargeable battery 114: The power supply 112,
as described above, permits use of any type of electri-
cally-driven compressor and provides power for any on-
wheel electronics. The on-wheel controller 120, typically
a microprocessor, may control compressor operation
and the two-way data communication capability provided
by the intermittent transformer 102. The on-wheel con-
troller may receive control instructions from the central
controller 100. It sends data regarding at least one of the
compressor 110 utilization and output flow rate. The flow
rate derived from a sensor in the output port 66 is sent
to the central controller 100. The central controller 100
sends an alert to the driver display 128 suggesting a pos-
sible leak when the utilization or flow rate of any wheel
exceeds a predetermined threshold for a predetermined
period. Similarly, it sends an alert to the driver display
128 when the utilization or flow rate has been zero for a
predetermined period, suggesting possible failure of the
device 12. The alerts indicate the wheel involved and

nature of the alert. The small rechargeable battery 114,
illustrated in Figures 13 and 14, is kept charged by a
charging circuit in the power supply 112, and adds two
valuable features. It provides power storage and smooth-
ing for any on-wheel electronics and provides emergency
power for brief periods of maximum speed compressor
operation for a tire suspected of having a leak. In normal
operation, the low duty cycle of power transfer through
the intermittent transformer 102 limits compressor oper-
ation to that adequate for replacing normal leakage. In
an emergency, such as when the driver is notified of a
suspected leak, the compressor is operated at its highest
speed on continuous power from the battery 114 until the
battery 114 is completely discharged. This may allow a
driver more time to find a safe stopping place before a
leaking tire goes flat. A TPMS may use the two-way com-
munications between the wheel 22 and the vehicle and
the rechargeable battery 114 to power the on-wheel elec-
tronics.
[0049] Addition of temperature and pressure sensors
124 to tires in the Figure 13 embodiment allows adding
the primary function of a TPMS, warning the driver when
any tire 14 is significantly under-inflated. However, any
value of such TPMS-like warnings is greatly reduced
since significant under-inflation is unlikely to occur in this
embodiment unless there is a significant leak in a tire or
a device failure, which may be sensed and trigger alerts
to the driver without in-tire sensors.
[0050] Figure 14 illustrates an embodiment with the
same features as in the embodiment in Figure 13. How-
ever, the magnetically-driven compressor 32 and elec-
trical coil 104 transit the magnetic field separately. Thus,
a magnetically-driven compressor 32 is used instead of
an electrically-driven compressor 110. The coil 104 and
power supply 112 serves only the electronics and re-
chargeable battery 114 and not the compressor 32.
[0051] As will be recognized by one of skill in the art,
the aforementioned embodiments may be variously mod-
ified. For example, multiple pulses may be applied during
one transit of a compressor or a coil past an electromag-
netic; the magnetic element may be mounted on any sta-
tionary member (non-rotating part) of the wheel assembly
from which it can be positioned close enough to the ro-
tating compressor or coil; the compressor or electrical
coil may be located anywhere that rotates with the wheel
and passes near the magnetic element; any of the im-
plementations described above can use multiple mag-
netic elements and/or multiple compressors or electrical
coils on one wheel assembly; the devices may be used
on wheels of any type of vehicle with inflatable tires; dif-
ferent types and configurations of magnets, compressors
and electrical coils may be used; various combinations
of magnets, compressors bias force means, pressure
limit means, input and output means, check valves, ele-
ment mounting means and configurations may be used.
[0052] Most of the above combinations of techniques
are obviously still valid when some features are omitted.
The means of driving a compressor is one of the impor-
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tant features of the present invention, not necessarily the
nature of the compressor (therefore, diaphragm, com-
pressors, motor-driven compressors, solenoid compres-
sors, and other types of compressors may also be sub-
stituted as viable compressors in embodiments of the
present invention).

Claims

1. A device (12) for maintaining a desired inflation pres-
sure of an interior of a tire (14) mounted on a wheel
(22) of a vehicle, the wheel being rotatably connect-
ed to a stationary member (16) of a vehicle wheel
assembly (10) and defining an axis of rotation, the
device (12) comprising:

at least one magnetic element (30) being mount-
ed on the stationary member (16) at a radial dis-
tance from the axis of rotation (26), the magnetic
element producing a magnetic field;
a magnetically driven air compressor (32) being
mounted on the wheel (22) and being radially
disposed from the axis of rotation relative to the
magnetic element (30) to transit the magnetic
field during each revolution of the wheel (22),
the compressor (32) being in fluid communica-
tion with the atmosphere and the interior of the
tire (14), the compressor (32) being operative to
intake air from the atmosphere and to output
compressed air to the interior of the tire (14) in
response to transiting the magnetic field, the
compressor comprising:

a compression chamber (33) defining a var-
iable chamber volume;
a magnetic actuator (35) being operative to
cause an increase and decrease in the
chamber volume, the actuator (35) effecting
an intake stroke to increase chamber vol-
ume and thereby intake air from the envi-
ronment through an intake check valve (46),
the actuator (35) effecting an output stroke
to decrease chamber volume and thereby
expel air through an output check valve (48);
and
means (30, 60) for applying first and second
opposing forces to the actuator, one of the
first and second opposing forces increasing
the chamber volume and the other of the
first and second opposing forces decreas-
ing the chamber volume, at least one of the
first and second opposing forces being cy-
clically produced upon cyclical transit of the
magnetic actuator (35) through the magnet-
ic field (36); and
a means for regulating output pressure of
the compressor to the desired inflation pres-

sure without off-wheel aid.

2. The device of Claim 1 further comprising a means
for regulating an output pressure of the compressor
(32) to the desired tire inflation pressure self con-
tained on the wheel assembly (10).

3. The device of Claim 1 wherein the compressor (32)
further comprises a cylinder (50) and a piston (52),
the piston (52) being slidably positionable within the
cylinder (50), the piston (52) being attached to the
actuator (35) that controls piston motion within the
cylinder (50) in response to the first and second forc-
es.

4. The device of Claim 1 wherein the compression
chamber (33) is partly bounded by a flexible material
that permits the chamber volume to be increased
and decreased by movement of the magnetic actu-
ator (35) in response to the first and second forces.

5. The device of Claim 1 including two magnetic ele-
ments (30) and wherein the compressor (32) transits
through two magnetic fields produced by the mag-
netic elements (30) during one revolution of the
wheel (22), both magnetic fields exerting the first op-
posing force upon the actuator (35) to perform one
of the input and output strokes, the second opposing
force being exerted upon the actuator (35) to perform
the other of the input and output strokes as the com-
pressor (32) moves intermediate the magnetic fields,
the cyclical exertion of the first opposing force and
the exertion of the second opposing force causing
the chamber volume to increase and decrease twice
during one wheel revolution.

6. The device of Claim 1 wherein one or more of the
magnetic elements (30) are arranged to produce
magnetic fields each magnetic field having alternat-
ing opposite magnetic polarities that are transited
sequentially by a magnetized actuator producing al-
ternating attractive and repulsive forces on the mag-
netized actuator, causing alternating input and out-
put strokes by the actuator (35).

7. The device of Claim 1 wherein the second opposing
force is a continuous bias force produced by at least
one of: one or more permanent magnets, a spring,
a centrifugal force of the actuator due to rotation of
the wheel, the second opposing force being config-
ured to be overcome by the first opposing force pro-
duced when the actuator (35) transits the magnetic
field, the second opposing force causing the actuator
(35) to effect one of the input and output strokes
thereby producing alternating cyclic net opposing
forces on the actuator.

8. The device of Claim 1 wherein the compressor in-
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cludes an output port and a pressure limit valve, the
output port being in fluid communication with the
compression chamber (33) with the output valve (48)
being open, the pressure limit valve being in fluid
communication with one of the output port (66) and
the compression chamber (33), the pressure limit
valve (74) being operative to reduce the output pres-
sure of air within the respective one of the output
port (66) and the compression chamber (33) to the
desired inflation pressure by releasing air from the
respective one of the output port (66) and the com-
pression chamber (33) to an intake plenum or the
atmosphere when the output pressure exceeds the
desired inflation pressure.

9. The device of Claim 1 wherein the means for regu-
lating the tire pressure adjusts the desired inflation
pressure as a function of temperature of the air in
the tire (14) in a predetermined manner.

10. The device of Claim 1 wherein the compressor (32)
includes an intake port and a centrifugal valve (78),
the intake port being in fluid communication with the
atmosphere when the centrifugal valve (78) is open,
the centrifugal valve (78) being operative to shut off
all air, fluid, and particulate entry into the compressor
(32) via the intake port while the wheel is rotating
below a predetermined speed.

Patentansprüche

1. Vorrichtung (12) zur Erhaltung eines gewünschten
Reifenfülldrucks im Innern eines Reifens (14), wel-
cher auf ein Rad (22) eines Fahrzeugs montiert ist,
wobei dieses Rad mit einem stationären Träger (16)
einer Fahrzeugradanordnung (10) drehbar verbun-
den ist und eine Drehachse festlegt und wobei diese
Vorrichtung (12) umfasst:

- mindestens ein magnetisches Bauelement
(30), welches auf den stationären Träger (16) in
einem gewissen radialen Abstand von der Dreh-
achse (26) montiert ist, wobei dieses magneti-
sche Bauelement ein Magnetfeld erzeugt;
- einen magnetisch angetriebenen Druckluft-
kompressor (32), welcher an das Rad (22) mon-
tiert ist und in einem gewissen radialen Abstand
von der Drehachse und in einem gewissen Be-
zug zum magnetischen Teil (30) angeordnet ist,
damit er während einer jeden Umdrehung des
Rades (22) das Magnetfeld durchläuft, wobei
dieser Kompressor (32) mit der Atmosphäre und
dem Innern des Reifens (14) strömungsmäßig
verbunden ist und dieser Kompressor (32) in der
Weise wirkt, dass er Luft aus der Atmosphäre
ansaugt und komprimierte Luft an das Innere
des Reifens (14) als Reaktion auf die Übertra-

gung des Magnetfeldes abgibt, wobei dieser
Kompressor umfasst:

- eine Verdichtungskammer (33), welche
ein veränderliches Kammervolumen fest-
legt;
- ein magnetisches Stellglied (35), welches
in der Weise wirkt, dass es eine Zunahme
und eine Abnahme des Kammervolumens
bewirkt, indem dieses Stellglied (35) einen
Ansaughub ausführt, um das Kammervolu-
men zu erhöhen und damit Einlassluft aus
der Umgebung durch ein Einlass-Rück-
schlagventil (46) anzusaugen, und dieses
Stellglied (35) einen Auslasshub ausführt,
um das Kammervolumen zu verkleinern
und dadurch Luft durch ein Auslass-Rück-
schlagventil (48) auszustoßen; und
- Mittel (30, 60), welche dazu dienen, dass
auf das Stellglied eine erste und eine zweite
Gegenkraft wirken, wobei eine von dieser
ersten und zweiten Gegenkraft das Kam-
mervolumen erhöht und die andere von die-
ser ersten und zweiten Gegenkraft das
Kammervolumen verkleinert, wobei minde-
stens eine von dieser ersten und zweiten
Gegenkraft auf zyklische Weise erzeugt
wird, wenn das magnetische Stellglied (35)
durch das Magnetfeld (36) hindurch läuft;
und
- ein Mittel zur Regelung des Ausgangs-
drucks des Kompressors in Abhängigkeit
vom gewünschten Reifenfülldruck ohne ir-
gendwelchen Einfluss, der von außerhalb
des Rades kommt.

2. Vorrichtung nach Anspruch 1, welche außerdem ein
Mittel zur Regelung des Ausgangsdrucks des Kom-
pressors (32) gemäß dem gewünschten Reifenfüll-
druck umfasst, wobei dieses Mittel sich auf autono-
me Weise an der Radanordnung (10) befindet.

3. Vorrichtung nach Anspruch 1, bei welcher der Kom-
pressor (32) außerdem einen Zylinder (50) und einen
Kolben (52) umfasst, wobei dieser Kolben (52) in-
nerhalb des Zylinders gleitend verschiebbar ist und
der Kolben (52) am Stellglied (35) angebracht ist,
welches die Kolbenbewegung im Zylinder (50) als
Reaktion auf die erste und die zweite Kraft steuert.

4. Vorrichtung nach Anspruch 1, bei welcher die Ver-
dichtungskammer (33) teilweise durch ein flexibles
Material größenbeschränkt ist, welches ermöglicht,
dass durch die als Reaktion auf die erste und die
zweite Kraft erfolgende Bewegung des magneti-
schen Stellglieds (35) das Kammervolumen vergrö-
ßert und verkleinert wird.
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5. Vorrichtung nach Anspruch 1, welche zwei magne-
tische Bauelemente (30) enthält und bei welcher der
Kompressor (32) durch zwei Magnetfelder läuft, wel-
che von diesen magnetischen Bauelementen (30)
während einer Umdrehung des Rades (22) erzeugt
werden, wobei beide Magnetfelder die erste Gegen-
kraft auf das Stellglied (35) ausüben, um einen von
dem Einlass- und dem Auslasshub auszuführen,
während die zweite Gegenkraft auf das Stellglied
(35) wirkt, um den anderen von dem Einlass- und
dem Auslasshub auszuführen, während der Kom-
pressor (32) sich zwischen den Magnetfeldern be-
wegt, wobei die zyklische Ausübung der ersten Ge-
genkraft und die Ausübung der zweiten Gegenkraft
bewirken, dass sich das Kammervolumen während
einer Radumdrehung zweimal erhöht und verklei-
nert.

6. Vorrichtung nach Anspruch 1, bei welcher eines oder
mehrere der magnetischen Bauelemente (30) der-
gestalt angeordnet ist/sind, dass sie Magnetfelder
erzeugen, wobei jedes Magnetfeld alternierende
entgegengerichtete Magnetpole aufweist, welche
sequentiell von einem magnetisierten Stellglied
durchlaufen werden, welches alternierende Anzie-
hungs- und Abstoßungskräfte auf das magnetisierte
Stellglied erzeugt, wodurch vom Stellglied (35) alter-
nierende Einlass- und Auslasshübe bewirkt werden.

7. Vorrichtung nach Anspruch 1, bei welcher die zweite
Gegenkraft eine kontinuierliche Vorspannkraft ist,
welche durch mindestens eines der folgenden Mittel
erzeugt wird: einen oder mehrere Dauermagnete,
eine Feder, eine Zentrifugalkraft des Stellglieds in-
folge der Drehung des Rades, wobei die zweite Ge-
genkraft dergestalt konfiguriert ist, dass sie von der
ersten Gegenkraft überwunden wird, welche dann
erzeugt wird, wenn das Stellglied (35) das Magnet-
feld durchläuft, wobei die zweite Gegenkraft bewirkt,
dass das Stellglied (35) einen von dem Einlass- und
dem Auslasshub ausführt, wodurch am Stellglied al-
ternierende zyklische Gesamtgegenkräfte erzeugt
werden.

8. Vorrichtung nach Anspruch 1, bei welcher der Kom-
pressor eine Austrittsöffnung und ein Druckbegren-
zungsventil enthält, wobei die Austrittsöffnung mit
der Verdichtungskammer (33) strömungsmäßig ver-
bunden ist, wenn das Auslassventil (48) offen ist,
und wobei das Druckbegrenzungsventil sich mit ei-
nem von beiden, der Austrittsöffnung (66) und der
Verdichtungskammer (33), strömungsmäßig ver-
bunden ist, wobei das Druckbegrenzungsventil (74)
in der Weise wirkt, dass es den Ausgangsdruck der
Luft in der Austrittsöffnung (66) bzw. der Verdich-
tungskammer (33) auf den gewünschten Fülldruck
in der Weise senkt, dass es Luft aus der Austritts-
öffnung (66) bzw. der Verdichtungskammer (33) in

einen Luftsammler oder in die Atmosphäre ablässt,
wenn der Austrittsdruck den gewünschten Fülldruck
übersteigt.

9. Vorrichtung nach Anspruch 1, bei welcher das Mittel
zum Regulieren des Reifendrucks den gewünschten
Fülldruck als Funktion der Temperatur der Luft im
Reifen (14) auf eine vorbestimmte Art und Weise
anpasst.

10. Vorrichtung nach Anspruch 1, bei welcher der Kom-
pressor (32) eine Eintrittsöffnung und ein Fliehkraft-
ventil (78) enthält, wobei die Eintrittsöffnung mit der
Atmosphäre strömungsmäßig verbunden ist, wenn
das Fliehkraftventil (78) offen ist, und wobei das
Fliehkraftventil (78) dahingehend wirkt, dass es den
Eintritt von jeglicher Luft, Flüssigkeit und teilchenför-
migem Material in den Kompressor (32) über die Ein-
trittsöffnung absperrt, während sich das Rad unter-
halb einer vorbestimmten Drehzahl dreht.

Revendications

1. Dispositif (12) pour maintenir une pression de gon-
flage souhaitée d’un intérieur d’un pneumatique (14)
monté sur une roue (22) d’un véhicule, la roue étant
reliée de façon rotative à un élément stationnaire
(16) d’un ensemble roue de véhicule (10) et définis-
sant un axe de rotation, le dispositif (12)
comprenant :

au moins un élément magnétique (30) monté
sur l’élément stationnaire (16) à une distance
radiale de l’axe de rotation (26), l’élément ma-
gnétique produisant un champ magnétique ;
un compresseur d’air entraîné de façon magné-
tique (32) monté sur la roue (22) et disposé ra-
dialement à partir de l’axe de rotation par rapport
à l’élément magnétique (30) pour passer à tra-
vers le champ magnétique au cours de chaque
révolution de la roue (22), le compresseur (32)
étant en communication fluidique avec l’atmos-
phère et l’intérieur du pneumatique (14), le com-
presseur (32) étant opérationnel pour admettre
de l’air à partir de l’atmosphère et pour envoyer
de l’air comprimé à l’intérieur du pneumatique
(14) en réponse au passage à travers le champ
magnétique, le compresseur comprenant :

une chambre de compression (33) définis-
sant un volume de chambre variable ;
un actionneur magnétique (35) opération-
nel pour entraîner une augmentation et une
réduction du volume de chambre, l’action-
neur (35) effectuant une course d’admissi-
on pour augmenter le volume de chambre
et ainsi admettre de l’air à partir de l’envi-
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ronnement à travers un clapet de non-retour
d’admission (46), l’actionneur (35) effec-
tuant une course de sortie pour réduire le
volume de chambre et ainsi expulser de l’air
à travers un clapet de non-retour de sortie
(48) ; et
des moyens (30, 60) pour appliquer des pre-
mière et seconde forces opposées sur l’ac-
tionneur, l’une parmi les première et secon-
de forces opposées augmentant le volume
de chambre et l’autre parmi les première et
seconde forces opposées réduisant le vo-
lume de chambre, au moins l’une parmi les
première et seconde forces opposées étant
cycliquement produite lors du passage cy-
clique de l’actionneur magnétique (35) à tra-
vers le champ magnétique (36) ; et
des moyens pour réguler la pression de sor-
tie du compresseur à la pression de gonfla-
ge souhaitée sans aide extérieure à la roue.

2. Dispositif selon la revendication 1, comprenant en
outre des moyens pour réguler une pression de sor-
tie du compresseur (32) à la pression de gonflage
de pneumatique souhaitée, autonomes sur l’ensem-
ble roue (10).

3. Dispositif selon la revendication 1, dans lequel le
compresseur (32) comprend en outre un cylindre
(50) et un piston (52), le piston (52) pouvant être
positionné de façon coulissante à l’intérieur du cy-
lindre (50), le piston (52) étant fixé à l’actionneur (35)
qui commande le mouvement de piston à l’intérieur
du cylindre (50) en réponse aux première et seconde
forces.

4. Dispositif selon la revendication 1, dans lequel la
chambre de compression (33) est partiellement bor-
née par un matériau flexible qui permet au volume
de chambre d’être augmenté et réduit par le mouve-
ment de l’actionneur magnétique (35) en réponse
aux première et seconde forces.

5. Dispositif selon la revendication 1, comprenant deux
éléments magnétiques (30) et dans lequel le com-
presseur (32) passe à travers deux champs magné-
tiques produits par les éléments magnétiques (30)
au cours d’une révolution de la roue (22), les deux
champs magnétiques exerçant la première force op-
posée sur l’actionneur (35) pour réaliser l’une parmi
les courses d’entrée et de sortie, la seconde force
opposée étant exercée sur l’actionneur (35) pour
réaliser l’autre parmi les courses d’entrée et de sortie
lorsque le compresseur (32) se déplace entre les
champs magnétiques, l’effort cyclique de la première
force opposée et l’effort de la seconde force opposée
entraînant deux fois l’augmentation et la réduction
du volume de chambre au cours d’une révolution de

roue.

6. Dispositif selon la revendication 1, dans lequel un
ou plusieurs des éléments magnétiques (30) sont
agencés pour produire des champs magnétiques,
chaque champ magnétique possédant des polarités
magnétiques opposées alternées à travers lesquel-
les passe séquentiellement un actionneur magnéti-
sé produisant des forces d’attraction et de répulsion
alternées sur l’actionneur magnétisé, entraînant des
courses d’entrée et de sortie alternées par l’action-
neur (35).

7. Dispositif selon la revendication 1, dans lequel la se-
conde force opposée est une force de sollicitation
continue produite par au moins un élément parmi :
un ou plusieurs aimants permanents, un ressort, une
force centrifuge de l’actionneur due à la rotation de
la roue, la seconde force opposée étant configurée
pour être dépassée par la première force opposée
produite lorsque l’actionneur (35) passe à travers le
champ magnétique, la seconde force opposée en-
traînant la réalisation par l’actionneur (35) d’une des
courses d’entrée et de sortie, produisant ainsi des
forces opposées nettes cycliques alternées sur l’ac-
tionneur.

8. Dispositif selon la revendication 1, dans lequel le
compresseur comprend un orifice de sortie et un cla-
pet de limite de pression, l’orifice de sortie étant en
communication fluidique avec la chambre de com-
pression (33) avec le clapet de sortie (48) ouvert, le
clapet de limite de pression étant en communication
fluidique avec un élément parmi l’orifice de sortie
(66) et la chambre de compression (33), le clapet de
limite de pression (74) étant opérationnel pour ré-
duire la pression de sortie de l’air à l’intérieur de l’élé-
ment respectif parmi l’orifice de sortie (66) et la
chambre de compression (33) jusqu’à la pression de
gonflage souhaitée en libérant de l’air de l’élément
respectif parmi l’orifice de sortie (66) et la chambre
de compression (33) vers un plénum d’entrée ou l’at-
mosphère lorsque la pression de sortie dépasse la
pression de gonflage souhaitée.

9. Dispositif selon la revendication 1, dans lequel les
moyens pour réguler la pression de pneumatique
règlent la pression de gonflage souhaitée en fonction
de la température de l’air dans le pneumatique (14)
de manière prédéterminée.

10. Dispositif selon la revendication 1, dans lequel le
compresseur (32) comprend un orifice d’admission
et un clapet centrifuge (78), l’orifice d’admission
étant en communication fluidique avec l’atmosphère
lorsque le clapet centrifuge (78) est ouvert, le clapet
centrifuge (78) étant opérationnel pour couper toute
entrée d’air, de fluide, et de matière particulaire dans
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le compresseur (32) par l’intermédiaire de l’orifice
d’admission alors que la roue tourne à une vitesse
inférieure à une vitesse prédéterminée.
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