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A device for monitoring tyre pressure whilst the vehicle is moving can operate with the help of: two complete circular me-
tallic strips (56, 57) placed on an insulated surface of the internal side of a brake drum (25) or on an insulated surface of the disk
brake; two metallic strips (58, 59) placed on a non-rotating part of the vehicle forming two complete circular strips (58, 59); a
pressure gauge sensor (1) and electronic signal generating circuitry (19; 40, 41). The non-rotating strips (58, 59) are placed parallel
to the rotating strips (56, 57) and very close to them so as to form a pair of air capacitors (56, 58) (57, 59). The electronic circuit
(19, 40, 41) produces high frequency alternating voltages which are applied to the plates of the capacitors (56, 58) (57, 59). In case
of dangerous tyre pressure the sensor (1) closes the circuit, an alternating current flows and a warning device is activated. The cur-
rent thus flowing in the capacitor circuit does not pass through the wheel bearing (34).
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An indicator of the abnormal and normal pneumatic tyre pressure during

driving or stopping of a vehicle.

The present invention relates to the apparatus for indinating to the dri-
ver the abnormal and normel pneumatic tyre pressure during driving or stop-
ping of the vehicle. This apparatus consists of a special electronic cir-
cuit producing alternating voltagesof definite frequency shape and am-
piitude whichare applied to a special system of metallic strips placed

on the rotating frame of the wheel and non-rotating part in a free space
close to the brakes and to the axle of the wheel. These strips are opera-
ting as air capacitors of the circuit to transfer the signals from the rota-
ting wheelk to the vehicle’s control panel, when a special pressure gauge
sensor closes the circuit. This circuit operates with a battery (accumu~
lator) which can be connected with the vehicle’s battery. This device is
not using a system of solid conducts (carbon brushes), where the flow of
the alternating current from the rotating wheel to the non-rotating part
of the vehicle, can take place by using either a capacitive coupling or
an inductive coupling. This alternating current can also flow by apply-
ing either alternating high voltage or direct high voltage between two
special electrodes placed on the rotating frame of the wheel and the non-
rotating part of the vehicle, in a close distance between each other.

This device can operate as a safety apparatus indicating the dangerous
limits of the pneumatic tyre pressure and therefore the damage of the ty-
res can be avoided. An USA patent No 3,920,223 IEC.30.1975 has been awarded to

to N.F.Teazgas ard an E,P. Acplication No 0245 199. 30.3.89 hes been puhlished for another
type of the present invention.

Indicators of the pneumatic tyre pressure of various types have been in-
vented in the past, which have different disadvantages Iiks, the use of
solid conducts (carbon brushes) which were destroyed by the time, the

use of small batteries placed on the rotating wheels was a problem for
checking them, the use of pneumatic pressure gauges placed on the wheels
as sensors were of big size and expensive and also tne use of a systenm
which was not working under baed weather conditions. The aim cf tnhe pre-
sent invention , as it is described, is to get around and erase all these
disadvantages which can be faced by using a number of metallic strips
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of proper shape which are placed on the rotating frame of +he wheel and
on the non-rotating par? near the brakes and the axie of the wheel and
they form one or two plane capacitors or a combination of plane and cy-
lindrical capacitors for each wheel. Also a pressure gauge Sensor cf &
;rogﬁ-ﬂmm1aﬂ1beusai,SO‘&Etiis‘ﬂhadlﬂelmmbauE can have the ability to mke displa-
cements in an easy way in case it comes incontact with ae of the Go termirals of the
sensar anc closesthe circuit. The fressure gauge SSar -is. of-a.simple;.constru-
ction made by durable, light and not expensive material and can be appli-
ed to already existing valves of the wheels. The sensor can be applied
in a permanent valve which can be added on the back side of the matallic
rim of the wheel, especially made for those pressure gauges, in a hid-
ing place which can not be seen by an outside observer. The sensor con-
sists of one durable resilient rubber or metallic membrane of good elas-
ticity which can be displaced along its axis and the amplitude of this
displacement depends on the tyre pressure (conversion of pressure into
mechanical displacements of membrane) and therefore the sensor can piay
the role of a switch which, in case of abnormal tyre pressure, connects
electrically either the rotating metallic strip witn tne metallic rix
of the wheel or the two rotating metallic strips each other. Accoraing
to the present invention various other semsors could be used which con-
sist of closed curved tubes or cylindrical tubes with very thin walls
which form foldings of wavy shepe 1ike bellows or some special materials

n

of wnict their onmic resistance 1s varied according tc the &
air pressure. The special electronic circuit can produce alternating
voltagesof certain characteristics whichare applied between the rotating
and non-rotating matallic strips, so that an alternating current is
flowing in the circuit when the pressure gauge sensor closes the circuit

in case of the abnormal tyre pressure. Ther the alternating current can

activate a light emitting diode or a loudspeaker on the driving control

-

penel. It is possible, except for the indicaticn oI normal and abnorual
tyre pressure, to have also an indicatiorn of the contincus air pressurs

in the tyres cf the vehicle.

The advantage of this invention 1s mainly tne transmissicn of Tne infor-
mation of abnormal and rnormer tyre pressure from tne rotating wneels To
tne cabinet of the driver, without using a solid contact and tnersicre

=5 be worn out because ol the #ricticn. Fence the u

o
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system, as carbon brushes which must be substituted quite often, is
avoided. The pressure gauge sensor and the circuit are simple and not cos-
tly. The vehicle’s battery can be used for the operation of the circuit.
From the above it is obvious that the present invention has many advanta-

5 ges.

A way of application of this invention is described below referring to
the figures which accompany and explain it with clarity and technical de-
tail so it can beuwderstood and also any misundestanding can be avoided.

10 Figure 1 is one view of a part of the device and a view of a part
of the wheel and a part of the vehicle where a part of the device is pla-
ced. According to the invention the device consists of a system of metal-
lic strips which are placed in a special way in a free space close Tc
the brakes and to the rotating axle of the wheel, of a pressure gauge sen-

15 sor and of an electronic circuit. The rotating metallic strip can cover
the round edge of a circular disk made by insulating material which is
fastened on the metallic disc base of the axis of rotation, where the bra-
ke drum or brake disc and the metallic rim of the wheel are fastened. The
non-rotating metallic strip, which surrounds circumferentially the first

20 strip is placed in the interior of a cavity of another insulating materi-
al which surrounds the first insulating material. The cavity has a shape
of annular canal. The two strips are very close without making contact
with each other and they form a combination of a cylindrical and two pla-
ne capacitors. The third metallic strip surrounds circumferentially the

25 second strip and it is the shielding of the second strip to avoid parasi-
tic current. The electronic circuit is an oscillator with a current anpli-
fler.ad avoltae” “transformer which can produce alternating voltagesof
definite form and frequency which are applied to the first and second metal-
lic strip, so that an alternating electric current can low when the sensor

30 closes the circuit.
Figure 2 gives the general principle of the device operaticn in block
diagrams for the electronic circuit. A part of the annulus of the third
metallic strip is also shown in this figure by the broken lines. The an-
nuli of the first and second strip are not snown in figure 2. Figure 2

35 alsc shows the way of connection of the first metallic strip with the
circuit through the sensor which is eartned witn tne metallic rim of tre
wheel and how the third and second metallic sirip are ccrnectired tharougn

a coaxiel cable.
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Figures 3a and 3b give another principle of the device operation, where

WO rotating metallic strips can form with TWo non-rotasing sTrips eluer
one cylindrical and one plane capacitor or two plane capacitors respecti-
vely. A main alternating current can flow in the electronic circuit pre-
sented by block diagrams, when & pin of the senscr 1s contacting any
one of the two sensor’s terminals and nence connecting electrically the
two rotating metallic strips. The arrangement (setting) of the metallic
strips, in figures 3a and 3b could be different depending on the free
space available close to the drum and disk brakes for each type of the
venicle s wheels.

Figure 4 gives the simple principle of the device operation in block
diagrams referring to figure 3b. The disadvantage of the appearance of
the electrical resistances due to the lubricant covering the globules of
the ball-bearing during the vehicle’s motion can be avoided in the lzst
two cases of operation with two capacitors. This electrical resistance
appears in the cases referring to figures 1 and 2 where the metallic
strips compose only one capacitor and the signal is transmitted throough
the ball-bearing.

Figures 5.1, 5.2, 5.3, 5.4y 5.5, 5.6, 5.7, 5.8, 5.9, 5.10, 5.11, 5.12,
5.13, 5.14, 5.15, 5.16, 5.17, 5.18, 5.19, give various views of pressure
gauge sensors. One durable rubber membrane of certain tnickness and ela-
stic properties can close airftigntly a small volume which communicates
witn the interior of the tyre. The elastic membrane expands or contracts
proportionally to the air pressure and therefore increasing or decreasing
its curvature, where the sensitivity is dependlng on the area of the mem-
brane surface. The rubber membrane can contain internally a thin steel
wire with curvatures to strengthen (reinforce) the elasticity of the rub-
ber. A thin electrode of good conductivity and special snape is fastened
on ine surface of the other side of the membrene. This electrode can be
also connected with the steel wire for strengthening and conduction with
one of the rotating metallic strips. The electrode can be displaced alony
the axis of the pressure gauge sensor according to the pressure and in
between two other special electrodes wnich are in an adjustable distance
These electrodes can be connected to the metallic rim o tne wnesl in

the case of using only one capacitor of the matallic strips. It is pos-

sibie for the rubber membrene to be substituted by a metallic membrane

Tropero;y Shaped

wiza elastic “"OU’-"I‘V.\.::S- Liso curved metailic +tubes s
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which have closed one of their ends and cylindrical tubes with very thin
walls which form foldings of wavy shape like bellows can be used to devi-
ce pressure gauge sensors. The elastic properties of a compressed gas wnicn
is contained in a little cramber can be also used for making pressure gau-
5 ge sensors. The displacements of a small piston (with a flange on its pe-
rimeter pressed by a spring circumferentially all the way out) wnich is ba-
lanced by air pressure on one side and by a spring frame on the other side
can be used as a pressure gauge sensor.
Finally some special materials of which their ohmic resistance varies accor-

10 ding to the applied air pressure could be used as the base for meking pres-
sure gauge Sensors.

Figure 6 gives various waveforms of the alternating voltageswhich areapplied
between the rotating and non-rotating strips which form the plates of the ca-
pacitors. It is important to use the proper frequency, amplitude.. and wave-

15 form of the alternating voltage in order to minimize the parasitic current.
A way to eliminate the unwanted signals is to apply high frequeny altemating
voltages of differet craracteristics to the narotating strips and use tardstop filters.
Figure 7 gives a part of the electronic circuit of figure 1 in which a vol-
tage comparator has been added in order to stop the parasitic currents to

20 activate the LED of the circuit. Referring to the circuits of figures 3 and
L a comparator can be used, after the high -Q notch filter and the stage
of a half way rectifier which gives an output of square train whenever the
input signal is falling below a certain level which is determined by one

- trimmer.

25 Figure 8 gives another arrangement of the invention where the metallic
strips have been substituted by an electrode pin and one metallic annulus.
In this case the capacity coupling has been substituted by a coupling
which is performed by electric discharges between the electrode pin and the
metallic annulus when a high voltage is applied.

30 Figure 9 shows the cross sections which can have the metallic annulus of
figure 8. These cross sections can be: circular, triangular,rectangular and
a combination of the above cross sections.

Figure 10 shows an arrangement which can be used to control more than one
wheels. This can be achieved by the use of circuits of the previous figures

35 and one sampler apparatus.

In the above figures it is shown an apparatus capable tc indicate via a ligni

or audio signal inside the driving cabinet the unsafe limits ¢f the pneuma-
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maticfyre pressure during driving or stopping of a vehicie, where this
apparatus basically consists of a pressure sensor (1), a systen of metallic
strips (2,3,4)aﬁ50,51,52,53)Or(56,57,58,59) , high frequency oscilllators
with or witsodt & frequency divider producing palses (19), & current amplifier
(42), a transformer or an amplifier and properly tuned filters including

a high-Q notech filter(41) which permits the fundamental frequency of the
pulse train to pass in order to convert the square train to a sinusoidal
waveform, a half wave rectifier and a voltage comparator (40) which con-
verts the sinusoidal signal to the D.C. level and the comparator gives

an output of square train whenever the input signal falls below a certain
level which is determined by a trimmer,an indicator like a LED(5) for each
wneel or loudspeaker (11) or a microamperometer (8), two variable power
resistors (9,21) a power resistor (12), cables(7,6) a shielding (13) andé

an isolated conductor (22) which absorbs parasitic current.

According to the present invention the apparatus can indicate the unsafe
limits of the tyre pressure via a light (5) or an audio sigel(11) using a diffe-
rent voltage comparator circuit (105,106,107). The pressure gauge sensor
(1) which works as = ecircuit’s switch can connect electrically either
the metallic strip (2) with the ground (10) that is the metallic frame of
the wheel(24) or it can connect also electrically the two rotating metal-
lic strips (56,57). The metallic frame of the wheel is comnected electri-
cally with the metallic frame of the vehicle throughtne ballbearing and
axle of rotation (34,30). The metallic strip(2) whicnh is a circular annu-
Jus with a cross section of shape "I is applied circunferentially on the
insulating disc (29) which is fastened by the screws (32) on the metallic
disk of the axle (30) where the drum or disg brake (25) and the metallic
frame of the wneel (24) are fixed. The centre of the disc(29) coincides
witn the axle of rotation (30) of the wheel. The metallic striv (2) must
cover enougn area of the disc (29) so as ¢ give sufficlent capacitance
of the capacitor (2,3). The non-rotating metallic strip (3), wnicn sur-
rounds the metallic strip (2) circumferentially, is mounted inside the
"I" shaped annular chsnnel of an insulating circular annulus (28) which
is Tastened on the base (33). The metallic strips (2,3) form a capacitcr
whicn is a combination of a cylindrical and Two plane capacitors. The

metallic strips (2) and (3) must not make contact between each other

and tneir disvance betweern them must be very smesl

- = arad
z That Uoe Calall-

w
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tance can be sufficiently bigger than the parasitic capacitances. The
third metallic strip(4) surrounds with a larger area the second metallic
strip (3) circumferentially and in between them a thin layer of insula-
ting material is inserted. The strip (4) constitutes the shielding of

% the strip (3) for minimizing the parasitic capacitances during the nor-
mal tyre pressure when the sensor does not close the circuit to comnect
the strip (2) with the rim (R4) or to connect the strips (%) and (57)
electrically. The connection wires are very thin and covered by insula-
ting material of very low dielectric constant. The centre wire (7) of

10 a coaxial cable (7,6) connects the strip(3) and the LED(5) whicn is con-
nected in parallel with the resistor (12) and in series with a loudspea-
ker (11), a digital or analog indicator (8), a variable power resistor
(9) and with the one end of the secondary coil (14) of the high frequen-
cy and high voltage transformer (13,15,16). The indicators (8) and (1)

15 are not necessary whilethe LED(5) can be driven by the comparator (106).
The metallic strip (4), the conductor(6) and the thin metallic surface
(13) constitute the shieldiny of all surrounded by them parts of the ap-
paratus, for reducing the currents due to the parasitic capacitances. The
isolated conductor (22) absorbs a big persentage of the parasitic currents

20 which dspends on the variable resistance (21) and the size of the conduc-
tor (22). In order to reduce the parasitic capacitances furthermore, all
parts of the apparatus must not be close to the metallic frame of the ve-

hicle. The coils (14,16) must not be close to each other. Tne core of the

transforwer (15) is a ferrite of special permeability. The otner enc or the

25 coil (14) can be connected with the ground through a diode or a résistor
or a capaciter.
The transformer (14,15,16) can be substituted by a set of properly tunec
filters (41) including a high-ig notch filter in order to convert the squa-

re train to a sinusoidal wave form.

30
Between the rim of the wheel and the chassis of the vehicle thare is an

electric resistance due to the lubricant in the ball bearings(34) and this

resistance obtains high values during tne motion wnicn can Dde counterbalan-

ced automatically by the variable resistance (9). Another way to solve the
35 problem is the automatic increase of the alternating voltage and frequency

produced by the oscillator (1914 curent flows in the circuit (1,3,2,7,5,9,14,

10) when the sensor(1) closes this circuit and this current depends on the

capacitance betwesn the metallic strips.
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A ditterent wey 10 Solve the problem of the ball bearing resistance 1is ic
divide the metallic strip (2) into two strips, one with a cylindrical
shepe (50) and amther with a plane annular shape (51;. The strip (3)

is also dividsd into two similar strips (52) and (53) wnich togsther

with the above strips (50) and (51) respectively can form two capacitors

a cylindrical capacitor (50,52) and a plane onse (51,53). The arez and

the position of these strips are chosen properly to have sufficient
capacitance and minimize the parasitic_current.

Amﬂmeradﬁimaul way similar to the above to solve the problem of

the ball bearing resistance is to divide the strip (2) into two con-
centric plane annular strips (56) and (57). The strip (3) is also di-
vided into two concentric plane annular strips (58) and (59) wnich can
form two plane capacitors (56,58) and (57,59) with the strips (56) and
(57;. In order to reduce the parasitic capacitance of the above capaci-
tors a proper area and position of the above strips (56,58,57,59) must

be chosen. The strips must not be very close to the metallic parts of

the wheel, tne distance between the plates of the capacitors must be as
small as possible and the area of the plates must be as larger as possikie.
For example the strips (56,57) and (58,59) are based on thick insulating
layers with small dielectric constant (123) and (124) which are fixed on
the brake drum (25)and on the non rotating base (125) respectively.
According to the present invention when the air pressure in one ol the
tyres exceeds the safety limits then the sensor (1) which operates as

an electric switch connects electrically the stfip (50) with the strip
(51) or the strip (56) with the strip (57) and alternating current flows
in the circuit (53,51,54,1,55,50,52,40,41,19,20) which activates the stage
(40) so as to give light or sound. The stage (40) can or can not have
arrangement with the circuit of the comparator (105,106,107). 4 transfor-
mer (41) which is not necessary can increase the alternating voltage of
the oscillator (19). Prower  waveforms, frequendes and amplitides mst te foutd
in order to avoid parasitic capacitances. The gap between the capaci-
tors (52,50) and (51,53) or between (58,56) and (57,59) muct be longer
than the distance between the capacitors’plates. The capacitance of the
capacitors (50,52) and (51,53) or (56,58) and (57,59) can obtain two dif-
ferent values which depend on the position of the switen senscr (1) if
it is open or closed. The system of metallic strips is used as z timing
capacitor in an oscillator (first stage of the circuit) which car produce
a proper frequency in eacn case (on—0fZ,. The hign freguency oscillator

ani the freguency divider (19, produce sguare Train woien carn pass fron
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an amplifier and properly turned filters including a high -Q notch filter
(41) which permits the fundamental frequency of the train to pass in order
to convert the square train to a sinusoidal wave form. The filter is desig-
ned in such a way so that one of the two frequencies falls in the gap of
the notch filter while the second frequency falls outside. The result is
in the output of the filter that a necessary distinction (discrimination)
between the two frequencies takes place since the first frequency which
falls in the gap, passes with very high attenuation. The next stagés(éo)isa
half wave rectifier, a voltage comparator and a monostable multivibrator

in which the rectifier converts the sinusoidal signal to the D.C.
level, the comparator gives an output of square train whenever the input
signal falls below a certain level determined by a trimmer and the monos-
table multivibrator increases the amplitude of the pulses train of the com-
parator output. This multivator is implemented by using a proper timing

circuit and its output drives an indicating LED.

According to the present invention the capacity coupling can be substitu-
ted by another coupling which is an induction coupling or an electric dis-
charge coupling. ,

In the case of induction coupling the metallic strips (2,3) or (50,51,52,
53) or (56,57,58,59) are substituted by one couple or more couples of
coils. A higher current flows in the circuit when the rotating coil makes
contact with the chassis of tnhe vehicle through the pressure gauge sensor,
the rim and the axle of the wheel.

In the case of electric discharge coupling the metallic strips (3,2) are
substituted by an electrode pin (111) and an electrode metallic annulus
(112) or by reverse way. A current can flow in the circuit only in the -
case of abnormal pressure in which the metallic annulus (112) is earthed
to the chassis and there is an electric discharge between the electrodes
(111,112) due to the aprlied voltage. The flowing current in the circuit
can activate a light or audic indicator. In the above cases the rest of
the cperation of the electric circuit is the same as in the case of the

capacity coupling.

In order to control more than one wheels by only one oscillator and one
amplifier, a sampling frequency regulator (122) and a sampler apparatus

(121) can be used so that all the wheels one after the other can be
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controlled continuously many times per minute.
Alternatively a separate independed circuit for each tyre can be .used ¢
reduce parasitic currents. Fach one of these independed circuits can be
placed in a non-rotating position near to each wheel for reducing para-
5 sitic currents. All the cables must be not close to iie metallic frame
of the vehicle and must be covered by a thick insulaeting material with ve-
ry low dielectric constant so that their capacitance with the chassis to
be as small as possible.Any one of the independed circuits, wher. is acti-
vated, produces & signal which can be transfered to the
10 vehicle’s control panel through cables to activate its own correspon-
ded LED. The signals can be amplified if there is a significant drop of
voltage due to the distance of the wheels and the above independed circu-~
ite #¢. the vehicle’s control panel where all the corresponded indicating

Light Emission Diodes are positioned.

oY
\n

There is a range of high frequency (kHz~MHz) where the parasitic currents
are reduced significantly and this is due possibly to some characteris-
ties o ths surrounding metallic frame of the wheel which can nct follcu
tae fast changes of high frequency cscillations.
An additional way to reduce the parasitic capacitance and increase the
20 main current which flows through the capacitors (59,57) and (58,56) ,wher
the pressure gauge sensor (1) closes the circuit (56,55,%,54,57), 1s 1<
apply to the strips (58), (59) two different or same high frequency (kEz -~
MHz) oscillations (126), (127) with common earth and different or same
voltage. Two separate oscillations with common earth can also be produ-
25 ced by (19) and compared by (40) so that the oscillation (126) which is
applied to the strip (58) can be of a different or same high frequency
(kHz~ MHz) of different or same waveform and of different or same ampli-
tude than the oscillation (127) which is applied to the strip (59). The
separation gap between the strips (58) and (59) must be long enough for
30 reducing the parasitic capacity coupling between these strips. The gap
between the strips (56) and (57) must also be large. The insulating ma-
terials (123) and (124) which are the base of the strips (58,59,56,57;
must have very small dielectric constant and sufficient thickness sC

14n

that these strips must be in a long distance from the adjacent metallic

35 frame.
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CLAIMS

1. A device for indicating to the driver of a vehicle the abnormael and nor-
mal pneumatic tyre pressure during driving or stopping ci the venicle con-
sists of a special system of metallic strips (Z,3,s4) or (50,52,51,53) or
(56,58,57,59) placed on the rotating frame of the wheel axi on the ron -oiating
part in a free space close to the brakes and to the axle of the wneel for-
ming either a capacitor (2,3) which is a combination of a cylindrical capa-
citor and two plane capacitors of cross section "I" or two capacitors eit-
her one cylindrical (50,52) and one plane capacitor (51,53) of cross sectiorn
"IM or two plane capacitors (56,58) and (57,59), of an oscillator and a
frequency divider (19), of an amplifier (42), of a set of properly tuned fil-
toon (41) or a transforuer witi ferrite core of special  permeability

(15), of an isclated conductror (22) big enough to absorb tne slternating
current dus to the parasitic capacitances,of a LED (5), a loudspeaker (11)
an analog or digital microamperometer (8) which can be activated by a cir-
cuit of two variable resistors(105,107) and a comparator(106), of a vari-
able resistor(9) to counterbalance the electric resistance due to tne lub-
ricant of the ballbearing which is increased during the rotation of the
wheel, of & variable resistance (21) to minimize the current due to parasi-
tic capacitance so that the LED (5) shouldn’t be activated by the parasitic
current but only by the main current, of a shielding systeu (4,6,13) to
minimize the parasitic capacitances, of a system of three stages asa half
wave rectifier, a voltage comparator and a mnostable miltivibrator (40) or two high frequ-
ency (kizaiiz) oscillator (19) with commn earth,comperatars (40) ard fimally the appera-

tus consists of a pressure gauge sensar (1) to cavert the variations of the type air mres-
sure into displacements of an elastic membrane or two rubber surfaces containing a curved ste-
el wire in a sardwitch ard also other pressure gauge sensors can use arved metallic

tubes of 4ifferent shape which are closed at one of their ends cr cylin-
drical tubes with thin folding walls of wavy shape like bellows and addi-
tionally the elastic properties of a spring or a special gas closed by a

memprane ina.smell chamber can be used as yressure gauge senscrs and even-

“tually in all the above cases the result is the displacement of a pin

A9 |

~

electrode to comnect electrically either tne strip (2) of the capacitor
(2,3) witn the metallic rim of tne wheel or the strins (5C,51) cf the
capecitors (50,52) and (51,53) or the strips (56,37, of tre capacitors
(58,56; and (59,57) and it is still possible to use some speciel na

rials fopr pressurs gzugs sensors of wnien tneir onmic resistence varies
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according to tne applied air pressure, therefcre ik
througn the system oI capacitors (2,3) or (53,51,50,32) or (Eé,ié,
je converted according to tne Tyre pressure and finally obtains & conii-

nuous indication of the tyre pressure by a properly calivrated instrument

(8).

2. The device for indicating to the driver of & vehicle the abnormal and
normel meuetic tyre pressure during driving or stopping of e vehicle accord-
ing to claim 1, is characterized by a system of metallic strips (2,32)
which are placed in a special way in the free space close to the brekes
and the rotation axle of the wheel. The metallic strip (2) whick is a cir-
cular annulus with a cross section of shape "[II" can cover the round edge
of tne insulating disc (29) circumferentially which is fastened by the
screws (32) on the metallic disc base of the axle of rotaticn (3C) wnere
the drum or disc brake (25) and the netallic frame of the wheel (R4)
are fixed, so that the centre of the dise (29) coincides with the axle
of rotation (30) of the wheel. The cylindrical annulus of the strip (2)
which is the middle line of "I covers the total thickness of the exter-
nzl circumference of the armulus (29) and the height of the cyhndrlcs?
annulus is equal to the thickness of the insulating disk (29). The otner
two cireular annuli of the strip (2) which are the two parallsl lines

of "' can cover the two annular sides of the insulating disc (29) cir-
cumferentially in such an area so &S to give sufficient capeitance o
the capacitor which is formed by the metallic strips (2,3). These twc
circular annuli of strip(2) are not always nessecary if the C&paCltaﬂ“Q
which is achieved by tne cylindrical annulus of the middle line of 7 has
a sufficient area so as to give the required main current in the cir-
cuit. Also a sufficient capacitance could be achieved by using only
the two or one of the extrene parallel lines of "' of the strip (2.
The non-sctating metallic strip (3) whicn surrounds tne metallic annu-

of tne first strio (2) circunferentially 1is applied on une internal

side of an annular channel made on the smeller radius circumfsrsnce ¢t
the insulating circwiar annuius (28) which is 2gstened on the non rota-
ting base (33) by tne screws (27). Inside tnis cnannel (28) wniecn is
of rectangular snape "[I" enters the bigger radius cire ference c2

tne insulating circular annuius (29) of rectanguiar staps "M withous
naking contact int ternally wita the cnannel off ns insulzting annulus

- s iar fz o8 pmwmRd
Tor WolCln LE & CThkl-
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nation of a'cylindrical and two plane capacitors. The metallic strips (2
and (3) must not make contuct between each other but their distance in
between them must be small and their common area must be sufficiently lar-
ge in orcder to give a capacitance which is sufficiently btiguer than tne
5 paracitic capacitances so that the alternating current wnich flows in the

circuit (10,3,2,7,5,14,10) can activate the LED(5) or tne electric circu-
it (105,106,107) which activates the LED (5) and the loudspeaker (11).
The shape, the size and the position of the metallic strips (2,3) and
their distance in between them are specified according to the available

10 free space close to the brakes and to the axle of the wheel and they vary
according to the size of the wheels and also to the type of the brake sys-
tem used. The above description shows the® way to achieve the best
exploitation of the available space so that the capacitance of the systen
(2,5) can obtain the maximum value and at the same time can have tne mini-

15 wuri parasitic capacitances which are due to the capacitrve cowling between
the metallic strips (2,3) and the adjacent metallic frame of the wheel brake
system and axle of the wheel. Dielectric materials of special composition
and high dielectric constaut can be inserted in between the strips (2,3)
to increase their capacitance. The alternating current flows from the rota-

20 ting wheel to the non-roteting part of the vehicle through the ball-bear-
ing ana the axle of the wheel rotation. In the case of the disc brake only
one circular metallic strip (2) can be used on the rotatving part - aad
another one circular metallic strip on the non-rotating par® to form
a circular annuiar plate capacitor (2,3). The non-rotating metallic strip

25 (3) could also be a part of the complete circular strip. The material {(29) in-
serted in between the strip (2) and the metallic frame of the wheel is of
suiricient thicknessand low dielectric constant. The material (28) inserted in
between the metallic strip (3) and the adjacent non-rotating part of the
vehicle must also be of the sam: characteristics An electric resistance

30 due to the lubricant in the ball-bearings(34) obtains high values during
the rotuvion of the wneel, which can be counterbalanced autouatically by
the variable resistance (9) and the autouwatic veriation of the alternating
voltage, freyuency and waveform produced by the oscillator (19). The para-
sitic currents could be minimized by a suitable shielding and an automati-

35 cal regulation of the variable resistor (9) which during the motion of the
vehicle must take small values when the light of LED (5) begins to dim. An
automatical regulation of the resistor (9)can be implemented by a feed back

electronic circuit which will control the currenv intensity Ilowing through
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sensor (1) which works as a switch cioses the circuit and this current

depends on the capacitance between the metallic strips (2,3).

3. The device for indicating to the driver of a vehicle the %bnormal and
normal pneumatic tyre pressure during driving or stopping of the vehicle
ceording to the claims 1 and 2 is characterized by the metallic strip
(2) which can be divided into two metallic strips, one in a cylindrical
shape (50) and another of a plane annular shape (51). The strip (3) is
also divided into two similar strips (52) and (53) which together with the
above strips (50) and (51) respectively can form two capacitors as a cy-
lindrical capacitor (50,52) and a plane one (51,53).
An alternating way is to divide strip (2) into two concentric plane annuiar
strips (56) and (57). The strip (3) is also divided into two similar concen-
tric plane annular strips (58) and (59) which can form two plane capacitors
(56,58) and (57,59) with the strips (56) and (57) respectively.
In order to reduce the parasitic capacitances of the above capacitors, a
suitable area of the strips (50,52,51,53) or (56,58,57,59), must be found.
Also the separation distance between the capacitors (56,58) and (57,59)
or (50,52) and (51,53) and their position in the available empty space
close to the brakes must be properly chosen so that a parasitic capaci-
tive copling betwesn  each other and the adjacent metallic parts of the ve-
hicle could be minimized. Therefore the strips should not be very close
tc the adjacent metallic parts of the wheel, the distance between the pla~-
tes of the capacitors must be as small as possible, the area of the plates
must be as large as possible and the separation gap sbetween the ca-
pacitors must not be very small.
According to the present invention, when the air tyre pressure exceeds -
the safety limits then the sensor (1) which operates as an electric
switch conmects strip (56) with strip (57) electrically so that an alter-
nating current flows in the cireuit (58,56,1,57,59,40,41,19,20) which can
activate a light or sound indicator. The capacitance of the capacitors (5¢,
58) and (57,59) can take two different values wnich depend on the swizcr
pressure gauge sensor (1) if it is open or closed. The system of metallic
strips is used as a timing capacitor in an oscillator whicn can produce 2z
suitable frequency in each case (on-off). The nign freqguency oscillator
and the frequency divider (19) produce square train wnicn passes from thne
stages (41) consisting of an amplifier ard properiy tuned filters inclu-

ding & hign-G noten filter.Thi_filter permits the Jundamental Ifrequency ¢ in

[y
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train to pass in order to convert the square train to a sinusoidal wave
form. The filter is designed in such way so that one ¢f the two freguen-
cies falls outside the gap of the notch filter, while the second one wnich
falls in  the gap, passes with very high attenuation. The next three
stages (40) consist of a half wave rectifier which converts the sinusoi-
dal signal to the D.C. level, of a voltage comparator that gives an out-
put of square train whenever the input signal falls below a certain level
determined by a trimmer and of a monostable multivibrator which increa-
ses the amplitude of the pulses train of the comparator output by using
a proper timing circuit and its output drives a LED. In the above circuit
using the two capacitors the alternating current does not flow through

the ball bearing and the axle of the rotating wheel where there is an el-
ectrical resistance due to the lubricant in the ball bearing. In the ca-
se of a disc brake the metallic strips (50) and (57) are placed on the
disc or on the metallic rim of the wheel in the available free space clo-
se to the brakes where an insulating material of low dielectric constant
is inserted between the strips and the metallic brake disk or rim of the
wheel. The non-rotating strips (58,59) sometimes are not complete circles
but they can be a part of circles and they are placed very close to the
strips (56,57) on a steady part of the chassis which is isolated by a -ma-
terial of small dielectric constant.

According to the characteristics of the system, that is main and parasitic
capacities, type of cables and type of shielding, the range of Irequencies
depends on the operation alternating voltage, which can be from 20V AC to
1000 V AC and the frequencies frou 10kHz to 3 MHz. The above ranges can
be enlargea whenever it is necessary to achieve a sufficient ogeration of

tne device.

There ic a range of high frequency (kHzeMHz) where the parasitic currentes
are reduced significantly and this is due possibly to some characteris—
tics of the surrounding metallic frame of the wheel which can not follow
the fast changes of high frequency cccillations.

An additionel way to reduce the parasitic capacitance and increase the
main current which flows through the capacitors (59,57) and (58,56),whén
the pressure gauge sensor (1) closes the circuit (56,55,1,54,57), is to
apply to the strips (58), (59) two different or same high frequency (k¥z~
MHz) oscillations (126), (127) with common earth and different cr same

vcltege. Two separate oscillations with commen earth can alsc te produ-
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s by (19) and compared by (40) so that the oscillation (126; which is
cea C7 ] i9 N,

(58) can be of a different or sanme high freguenc

-

apriied to the strip
(kEz~ }Hz) of different cr same waveform and of different or same amplil

the oseillation (127) which is applied to the strip (59). The
the strips (58) and (59) must be long enough for

~r
J
Jji-
-

tude than
separation gap between

reducing the parasitic capacity coupling between these sirips. The gep

between the strips (56) and {57) must also be large. The insulating ma-

terials (123) and (124) which are the base of the strips (58,59,56,57)

small dieleciric constant and sufficient thickness so
n a long distance from the adjacent metallic

must have very
thet these strips must be 1

frame.

L. Thne device for indicating to the driver of a vehicle tne abnormal ana
normal pneumatic tyre pressure durins driving or stopning of tne venicie

to claims 1,2 anc 3 1is characterized¢ by

according tnird meta_lic strip
(4), wnich 1is isolated froum the metallic strip (3)

ize the parasitic currents flowing in tre circuitl

&
by & thin layer of in-

sulating material to minim
when tne switch sensor is not closed. The strips (51, 50) or (56,57, or (2)
are connected to the sensor (1) by a very thin conductor (35) wnick 1s co-
vered by a thick insulating layer of & smell dieleciric coustant.

-1 conductor (7) of the couxial cable

et
The central (7,6) connects the sirip

(3) and the LED(5) which is connected in parallel to resister [1Z) and

in series to loud speaker (11), a digitel or analog indicator (&), & va-
riable power resistor (9) and to one end of the secondary coil (14) of a
high alternating voltage transformer (14,15,16). The LED (5) can also be
activated by using the electronic circuit of comparator (10¢). The inci-
cators(8) and (11) are not necessary. Attention must be paid to the coil
winding so as to limit the high number of turns which musT not be very
close to eacn other to avoid an electrical breakdown on tne insulating
material covering the wire. Tne external conductor (6, connects the striy
{4} to the same end of tne coil (14) which is connected to the resistor
(G;. Tae strip (4) can also be connected wita a middle point ol the ccil
(14) wnicn is different than the final turn that is connected tc the re-
sistors (9,21). The central conductor (7) and tne strip (5) are shielded
b, conductor (6) and strip (4) to reduce parasitic current (ncise;. Tne
system of electrostatic snielding (13), which is 2 tTnin metallic surlace,

- - . ’
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requce parasitic currents. The insulating conductor (2<) abscrbs a high
percentage of paracsitic current which depends on the value of varisble
resistor (21) and on the size of the concducter (22). The current due to
the perasitic capacitunce in the wheel ie reduced propertionally to the
distance of the sirip (2), the vwire (35) and the netallic sections

of the sensor (1) from section of the wheel’s metallic frame.Tre strip(4) plays also a sigi-
ficant role which has a larger area then the strips(3) and (2) and covers them from
the back side. The capacitors (58,56), (59,57), (50,52), (53,51) anc

(2,3) are shielded by the use of a metallic strip wnich is placed in a
siiall distance behind the strips (3) or (52,53) or (58,59). The distarn-

ce between the coils (14) and (16) should be sufriciently enough. The

care (15) is & ferrite of special permeability to follow the high frequency oscillatians.

T end of the (14) can also be camected with the gromd (10) through a dicde or a resistor
or a capacitor. The transformer (14,15,16) or (41) and the amplifier (10,
16,17,18) or (42) are not necessary if the oscillator (19) is sufficiently
powerfull.

In order to control more than one wheels by only one oscillater and one
emplifier, a sampling frequency regulator (122) and a sanpler apparatus
(121) can be used so that all the wheels one after the other can be
controlled continuously many times per minute.

Aiternatively a separate independed circuit for each tyre can be.used to
reduce parasitic currents. Each one of these independed ecircuits can be
placed in a non-rotating position near to each wheel so that to reduce
sitic currents. All the cables must be not close to the metallic frame

of the vehicle and must be covered by a thick insulating material with ve-

" ry low dielectric constant so that their capacitance with the chassis to

be as small as possible.Any one of the independed circuits, when 1s acti-
vated, ©produces a signal which can be " transfered  to the
vehicle’s control panel through cables to activate its cwn correspon-
ded LED. The signals can be amplified if there is a significant drop of
voltage due to the distance of the wheels and the above independed circu-
ite from the vehicle’s control panel where all the corresponded indicating

Light Fzission Diodes are positioned.

5. The device for indicating to the driver of a vehicle the abnormal and
normal pneumatic tyre pressure during driving or stopping of the vehicle
according to claims 1,2,3 and 4 1is characterized by contacts of* special
substances (ceramic,carbon, etc; which have electrical conducting proper-

ties and they are hardly worn out. In this case tre circuit is simple,




WO 92/13730

10

15

20

25

30

35

PCT/GR92/00001

18-

that is, it consists of one pressure gauge sensor (1;, a contact systerl,
an electric bulb and the vehicle’s accumulator. The contact system con-—
sists of an electrically isolated metallic ring, which is placed on the
wheel’s rim or on the rubber of the tyre and of the substance which is con-
tinuously in contact with the metallic ring making electrical conduct be-
tween the rotating ring and non-rotating substance. The metallic ring is
connected electrically, through the sensor, to the rim of the wheel which
is comnected to the chassis of the vehicle through the wheel’s rotation
axle. The vehicle’s metallic chassis is connected with the negative elec-
trode of the accumulator while the positive electrode is connected through
the electric bulb to the substance which makes contact to the metallic

ring.

6. The device for indicating to the driver of a vehicle tne abnormar an

{2

normal pneumatic tyre pressure during driving or stopping of the vehicle
according to the claims 1,2,3,4 and 5 is characterized by various pressure
gauge sensors which are based on different operation principles as the el-
astic properties of a durable rubber membrane of certain thickness (61)
containing internally a curved steel thinwire (60) in sandwitch and the
membrane (61) closes air-tightly a volume (66) which communicates witn

the interior of the tyre (69). The curvature of the membrane {61) incresases
or decreases proportionally to the air pressure and the sensitivity depends
on the area of the membrane surface. A thin electrode (63) of good con~
ductivity and special shape is fastened on the other side of the membrane.
The electrode (63) can be also connected with the steel wire (60 ). The
electrode (63) can be displaced along the axis of the sensor proporiios
nally to the air pressure and in between two other special electrodes of
good conductivity (65,64) which are in an adjuétable distance and are con-
nected either to the metallic rim (24,10) or o the  stripe (56,57) or {5,
52) respectivelly so that in case of abnormal air pressure the electrode
(63) makes a contact with one of the two electrodes (65,64) and comnects
electrically either the strip (2) with tne metallic rim (24) or strip
(56) with strip (57) or strip (51) with strip (52). Curved metallic tu-~
bes properly shaped which have closed one of their ends and cylindrical
tubes with very thin walls whicn form foldings of wavy shape as bellows
can also be used to device pressure gauge Sensors. The elastic proper-
~ies of a compressed gas, which is cortained in a littie velume (7€,

=]

evigce TTSSSUre geugs

and is closed by membrane (9C}, couid te used ic 4
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sensors. The displacement of a small piston (with a flange on its perime-
ter pressed by a spring circumferentially all the way out) where the air

pressure is balanced by a spring can be used as pressure sensor. Finally,
some special materials of which their ohmic resistance varies groportio-

nally to the applied air pressure could be used as the base for making

pressure sensors Principles of the above sensors are given in figures 5.1,

5:2,5.3,504yeveey5.19.

7. The device for indicating to the driver of a vehicle the abnormal anc
normal pneumatic tyre pressure during driving or stopping of the vehicle
according to the claims 1,2,3,4,5 and 6 is characterized by the strip(2)
which has the form of a very thin circular metallic annulus embodied in
the rubber of the lateral vertical side of the tyres in a small depth
from the outside surface of the rubber (special manufacturing of tyres).
The thin layer of material which covers the strip (2) on the surface of
the tyre must be ofuhigh dielectric constant while the rubber under the
strip (2) must be of small dielectric constant if possible. The wire
guard netting, which is embodied in the tyre rubber for strengthening the ty-
re, can be substituted by a special plastic guard netting (Kevlar) in or-
der to reduce the parasitic capacity between the strip (2) and the rim

of the wheel. The metallic strip (3), which is a segment of a complete
circular annulus of equal radius with strip (2), is placed (fixed) in a
proper non-rotating part of the vehicle very close and parallel to the
strip (2). The strips (2,3), which are in a hiding place of the vehicle,

25 form a plane capacitor where in between the plates there is a thin insu-

lating layer of high dielectric constant and a thin layer of air.

8. The device for indicating to the driver of a vehicle the abnormal and

normal pneumatic tyre pressure during driving or stopping of the vehicle

30 according to the claims 1,2,3,4,5,6 and 7 is characterized by coils, which

_can be placed on the rotating wheel and non-rotating part of the vehicle,

instead of the strips(2,3) or (50,51,52,53) or (56,57,58,59) so that the
capacity coupling of the strips can be substituted by the electromagnetic
induction coupling of the coils. and normal pressure can be shown by an

35analog ordigital mac amperometer. The abnormal and normal tyre pressure

can be shown by an analog or digital microamperometer where  the

indication of parasitic currents is marked as normel pressure while the
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indication of the main current is marked as abnormsl pressure. The mair
current which is higher than the parasitic current ZIlows in the cirecuic
wher the sensor (1) closes the circuit. A special relay in the circuit
can be used in order to avoid activation of the LED by parasitic current.
5 The relay in the circult is adjusted to be activated only by & flowing
current of & certain value in the range of the main current.and therefo-
re it can close a separate circuit (105, 106,107) with an electric lamp
comectet. o the vehlc1° s tattery. The reldy can also.be substituted by a different voluage

comparatar cireuit (105, 106,107} witn comurator (106) or a microgrocesscr. The LED (s}

10 can be driven by the comparator (106).
9. The device for indicating to the driver of a vehicle tne abnormal and
normal pneumatic tyre pressure during driving or stopping of the vehicle
according to the claims 1,2,3,4,2, 6,7 and 8 is cnaracterized by the infu-
sible electrode pin (111) which can substitute the strip (2 or 3/ and the
15 metallic annulus (112) can substitute the strip (3 or 2).The surface of
the annulus (112) is covered by a material which has a coefficien of secon-
dary electrons emission of high value, as MaQ, Ag,Pt etc, while the cross
section of the annulus (112) can be of circular, parallelogran or triangu-
lar form or a combination of them with their vertex close to the pin. In
o0 addition the pin can be covered by a small quantity of B-rays radioisotope.
A current can flow in the circuit only in the case of an abnorzmal pressure
in which the metallic annulus (112) 1is grounden to the rim of the wheel
and through the axle to the chassis of the vehicle so there is an electr
discharge between the electrodes (111,112) due to the applied high voltage
25 and therefore there is a spark discharge coupling. The flowing current in
the circuit can activate the LED (5) or an audio indicator. Therefore by
the above method the parasitic current can be avoided and thers is a si-
gnificant reduce of the metallic strips size. The strips (56,57) or (58,
59) can also be substituted by two infusible metallic pins and the strips
30 (58,59) or (56,57) can be substituted by a metallic annuius whicn has the
same characteristics with the annulus (112). iue applied high voltage be-
tweer. the electrodes (111,112) can be AC or OC voltage and in this case iz

can be produced by high voltage generator (19,41,40) .
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AMENDED CLAIMS
[received by the International Bureau on 13 July 1992 (13.07.92);
original claims 1-9 replaced by the amended claims 1-8 (11 pages)]

1. A device for indicating to the driver of a vehicle the abnor-
mal and normal pneumatic tyre pressure during driving or stop-
ping of the vehicle consists of a special system of metallic
strips (56,58,57,59) or (50,52,51,53) placed on the rotating
frame of the wheel as two complete circular annuli (56,57) on

an insulated surface of the internal side of the drum brake or
two complete annuli (50,51) on a proper place of the disk brake
and on the non-rotating part as two complete circular annuli
(58,59) facing the annuli (56,57) respectively or two annuli
(52,53) facing the annuii (50,51) respectively forming two capa-
citors (56,58) and (57,59) or (50,52) and (51,53), of a high fre-
quency oscillator and a frequency divider (19), of an amplifier
(42) , of a set of properly tuned filters (41), of a LED (5), a
loudspeaker (11» an analog or digital microamperometer (8) which
can be activated by a circuit of two variable resistors (105,107)
and a comparator (106),of a system of three stages such as a
half wave rectifier, a voltage comparator and a monostable multi-
vibrator(40), of a DC to DC converter (21) and finally the appa-
ratus consists of a pressure gauge sensor (1) to convert the va-
riations of the tyre air pressure into displacements of a rubber layer
which separates air-tightly the interior of the tyre chamber

from the sensors”s chamber (1) filled by an elastic sponge fo-
amy material or a heavy compressed gas under the same pressure )
as the normal air tyre pressure or a spring, or some little el-
astic balls and eventually in all the above cases the result is
the displacement of a pin electrode (63,73,83,93) inside the
chamber of the sensor (1) to connect electrically, as an on-off
microswitch, the strips (56,57) of the capacitors (58,56) and

(59 ,57) or the strips (50,51) of the capacitors (50,52) and (51,
53) and using some special materials for pressure gauge sensors
of which their ohmic resistance varies according to the applied
air presurre, therefore the current which flows through the sys-
tem of capacitors (56,58)(57,59) or (51,53),50,52) is converted
according to the tyre pressure and obtains a continuous indica-

tion of the tyre pressure by a properly calibrated instrument(g)
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2.The device for indicating to the driver of a vehicle the ab-
normal and normal pneumatic tyre pressure during driving or
stoming of the vehicle according to claim 1, is characteri-
zed by the rotating complete annulus metallic strip (2) which
is placed on the insulated surface of the internal side of the
drum brake and disk brake and the non-rotating annulus metal-
lic strip (3) facing the strip (2) forms an air capacitor (2,
3). A main alternating current flows in the circuit (1,2,3,105,
106,107,5) when the sensor (1) connects the strip (3) with the
metallic frame of the wheel which is the earth of the circuit
through the ballbearing (34). A thin layer of dielectric mate-
rial of special composition and high dielectric constant is
inserted in between the strips (2,3) to increase their capa-
citance and therefore to increase the main current which acti-
vates the LED (5). The insulating material inserted in between
the strips (2) and the metallic parts of the wheel and in be-
tween the strip (3) and the chassis of the vehicle is of suf-
ficient thickness and low dielectric constant to minimize the
parasitic current which is due to the capacitive coupling be-
tween the metallic strips (2,3) and the adjacent metallic fra-
me of the wheel brake system and axle of the wheel. An automa-
tical regulation of the resistor (9) can be implemented by &
feed back electronic circuit which will control the current

intensity flowing through the circuit.

3. The device for indicating to the driver of a vehicle the ab-
normal and normal pneumatic tyre pressure during driving or
stopping of the vehicle according to the claims 1and 2 is cha-
racterized by two metallic complete annular strips, one in acom-
plete cylindrical shape (50) and another of a plane complete
annular shape (51). Two similar annular strips (52) and (53)
facing the above strips (50) and (51) respectively form two
air capacitors as a cylindrical capacitor (50,52) and a plane
one (51,53).

An alternating way is that two concentric plane complete annu-
lar strips (56) and (57) facing another two similar concentric

plane complete annular strips (58) and (59) form two plane
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capacitors (56,58) and (57,59) respectively. The operation ef-
ficiency of the device increases with the area of the strips
(56,58,57,59,50,52,51,53) and with the separation distance be-
tween the capacitors (50,52) and (51,53) or (56,58) and (57,59).
The position of these capacitors in the available empty space
close to the brakes is properly chosen so that a parasitic capa-
citive coupling between the plates (56) and (57), (58) and (59),
(56) and (59), (57) and (58) and between the capacitors” plates
and the adjacent metallic parts of the vehicle, is minimized.
Therefore the strips are not very close to the adjacent metal-
lic parts of the wheel, the distance between the plates of the
capacitors must be as small as possible, the area of the plates
must be as large as possible and the separation gap between the
capacitors must not be very small.

The complete circular annuli (56,57) are placed on the internal
side of the drum brake and the complete annuli (50,51) are pla-
ced on a proper position of the disk brake. The non-rotating
complete circular annuli (58,59) facing the rotating annuli (56,
57) respectively form two capacitors (56,58) and (57,59) and the
non-rotating annuli (52,53) facing the rotating annuli (50,51)
form two capacitors (50,52) and (51,53). A thin layer of dielec-
tric material of special composition and high dielectric cons-
tant is inserted in between the above capacitors”plates strips
to increase their main capacitance and therefore to increase the
main current which activates the LED(5). A paste of high dielectric cons -
tant is mixed with an epoxy resin and covers those surfaces of
the capacitors” plates which face each other. The insulating
material, inserted as a basis under the strips (56), (57),(58),
(59)(50), (51), (52), (53) is of sufficient thickness and low
dielectric constant to reduce the parasitic capacitance between
these metallic strips and the adjacent matallic parts, brake
system and axle of the wheel. A minimum thickness is not less
than 2 mm and as thicker as better provided there is enough
space.

The pressure gauge sensor (1) and the rotating metallic comple-
te annuli (56),(57),(50),(51) are the only parts of the present
device which are placed on the rotating wheel and nothing
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else like electronic circuité, batteries and other parts which
are sensitive and need often changes.

According to the present invention, when the air tyre pressure
exceeds the safety limits then the sensor (1) which operates as
an electric switch connects strip (56) with strip (57) electi-
cally so that an alternating current can flow in the circuit
(58,56,1,57,59,40,41,19,20) which activates a light or sound in-
dicator. The capacitance of the capacitors (56,58) and (57,59)
is taking two different values which depend on the switch pres-

sure gauge sensor (1) if it is open or closed.

4. The device for indicating to the driver of a vehicle the ab-
normal and normal pneumatic tyre pressure during driving or
stopping of the vehicle according to the claims 1, 2 and

3 is characterized by the fact that the system of metallic strips
forming two capacitors (56,58) and (57,59) takes two different
values of capacitance, one value when the switch sensor (1) is
closed and another one smaller than the first value when the
switch sensor (1) is open. This system of metallic strips is
used as a timing capacitor in an oscillator which produces a
suitable frequency in each case (on-off). The high frequency
oscillator and the frequency divider (19) produce square train
which passes from . the stage (41) consisting of an amplifier (42)
and properly tuned filters including a high-Q notch filter.
This filter permits the fundamental frequency of the train to
pass in order to convert the square train to a sinusoidal wa-
ve form. The filter is designed in such a way so that one of
the two frequencies falls outside the gap of the notch filter,
while the second one which falls in the gap, passes with very
high attenuation. The next three stages (40) consist of a half
wave rectifier which converts the sinusoidal signal to the D.C.
level, of a voltage camparator that gives an output of square
train whenever the input signal falls below a certain level de-
termined by a trimmer and of a monostable multivibrator which
increases the amplitude of the pulses train of the comparator

output by using a proper timing circuit and its output drives
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a LED. In the above circuit using the two capacitors the alter-
nating current does not flow through the ball bearing and the
axle of the rotating wheel where there is an electrical resis—
tance due to the lubricant in the ball bearing. In the case of
a disk brake the metallic strips (56) and (57) are placed on the
disk or on the metallic rim of the wheel in the available free
space close to the brakes where an insulating material of low
dielectric constant is inserted between the strips and the metal-
lic brake disk or rim of the wheel. The non-rotating strips
(58,59) are placed very close to the strips (56,57) on a steady
part of the chassis which is isolated by a material of small
dielectric constant.

According to the characteristics of the system, that is main
and parasitic capacities, type of cables and type of shielding,
the range of frequencies depends on the operation alternating
voltage, which is from 20V AC to 1000 V AC and the frequencies
from 10kHz to 3 MHz. The above ranges are enlarged whenever it
is necessary to achieve a sufficient operation of the device.
There is a range of high frequency (kHz~MHz) where the parasi-
tic currents are reduced significantly and this is due possibly
to some characteristics of the surrounding metallic frame of
the wheel which does not follow the fast changes of high fre-
quency oscillations.

An additional way to reduce the parasitic capacitance and in-
crease the main current which flows through the capacitors (59,
57) and (58,56), when the pressure gauge sensor (1) closes the
circuit (56,55,1,54,57), is to apply to the strips (58), (59)
two different or same high frequency (kHz~MHz) oscillations
(126) , (127) with common earth and different or same voltage.
Two separate oscillations with common earth are also produced
by (19) and compared with (40) so that the oscillation (126)
which is applied to the strip (58) isofa different or same
high frequency (kHz~MHz) of different or same waveform and of
different or same amplitude than the oscillation (127) which
is applied to the strip (59). The separation gap between the
strips (58) and (59) must be large enough to reduce the para-
sitic capacity coupling between these strips. The gap between
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the strips (56) and (57) must also be large. These gaps are
filled by a material of very low dielectric constant like the
air. The insulating materials (123) and (124) which are the
base of the strips (58,59,56,57) have very small dielectric con-
5 stant and sufficient thickness so that these strips must be in
some distance from the adjacent metallic frame.
wa D.c. power supplies of the same voltage are needed for the
operation of the electronic circuit (19,42,41,40,5,59,57,1,56,
58) of the device and in order to use only the vehicle”s batte-
10 ry (20) a D.C. to D.C converter (21) is used to supply the abo-
ve circuit with the two necessary power supplies. The technolo-
gy of VLSI is used to make an integrated circuit which contains
the electronic parts (19,42,41,40) of the above circuit.
‘A furthermore reduction of parasitic capacitances is achieved
15 by using one integrated circuit for each tyre and placing the-
se circuits on some suitable nonrotating positions of the ve-
hicle close to each tyre.-
In order to control the air pressure of more than one tyres by
only one oscillator and one amplifier, a sampling frequency re-
20 gulator (122) 'and a sampler apparatus (121) are used so that
all the wheels one after the other are controlled continuously

many times per minute.

Alternatively a separate independent circuit for each tyre can
be used to reduce parasitic currents. Each one of these inde-

25 pendent circuits can be placed in a non-rotating position
close to each wheel so as to reduce parasitic currents. All
the cables are not near the metallic frame of the vehicle '
and they are covered by a thick insulating material with very
low dielectric constant so that their capacitance with the

30 chassis isassmall as possible.
Any one of the independed circuits, when it is activated, pro-
duces a signal which can be transferred to the vehicle”s cont-
rol panel through cables to activate its own corresponding LED.
The signals will be amplified if there is a significant drop

35 of voltage due to the long distance between the above inde-
pendent circuits and the vehicle”s control panel where all the

corresponding indicating Light Emission Diodes are positioned.
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5. The device for indicating to the driver of a vehicle the ab-
normal and normal pneumatic tyre pressure during driving or
stopping of the vehicle according to claims 1,2,3 and 4 is cha~
racterized by contacts of special substances(stainless steel,

5 steel alloy, steel tuncsten, ceramic, carbon, etc) which have
electrical conducting properties and they are hardly worn out.
In this case the circuit is sinple, that is’it consists of one
pressure gauge sensor (1), a contact system, an electric bulb and
the vehicle”s accumulator. The contact system consists of an el-

10 ectrically isolated metallic ring, stainless steel band, which
is placed on the wheel”s rim and of the substance which is con-
tinuously in contact with the metallic ring making electrical
conduct between the rotating ring and non-rotating substance.

The metallic ring is connected electrically through the sensor,
15to the rim of the wheel which is connected tothe chassis of

the vehicle through the wheel’s rotation axle. The vehicle”s me-

tallic chassis is connected with the negative“electrode of the

accumulator while the positive electrode is connected-through the

electric bulb to the substance which makes contact to the me-~
20 tallic ring. A continuous indication of the tyre pressure is

obtained by gauge sensors using some materials of which their

ohmic resistance varies according to the applied pressure and
the current flowing in the circuit activates a properly calibrated instrument (8)

25 6. The device for indicating to the driver of a vehicle the ab--
normal and normal pneumatic tyre pressure during driving or stop—-
ping of the vehicle according to the claims 1,2,3,4 and 5 is
characterized by various pressure gauge sensors which are ba-
sed on different operation principles as the elastic properties _

300f a rubber layer or a metallic membrane (61,71,81) closing air- -
tightly the sensor”s small chamber which is filled up either by
many small elastic balls or an elastic sponge foamy material
(78) or by a heavy gas (88) compressed under the same pressure
as the normal air tyre pressure. The springs (60,70,80) are

35 used to reinforce the elastisity of the rubber layers (61,71,81)
the heavy gas (88) and the elastic balls or the sponge foamy
material (78). Durable rubber layers of certain thickness (61),
containing internally a thin curved zig-zag steel wire (60) in
a sandwitch closed air-tightly volume (68) which comunicates
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through the tube (69) with the interior of the tyre (23). The
curvature of the rubber layer (61) increases or decreases pro-
portionally to the air tyre pressure and the magnitude of the
displacement of the electrode’s edge (63) to the points (66)

5 depends on the area of the rubber layer surface. When the air
pressure in the tyre is abnormal the end of the electrode (63)
is able to press one of the: contacts” points (66) of the sen-
sitive microswitch (62) to connect electrically the strips (56,
57) or (51,52) so that a main alternative current flows in the

10 circuit (1,57,59,5,19,41,40,58,56,1) to activate the LED(5).
The other edge of the electrode (63) is fastened on the middle
point of the rubber layer (61) and is connected with the steel
wire (60). The position of the electrode”s edge (63) depends
on the air tyre pressure which is balanced by the elastic pro-

15 perties of the rubber-spring sandwitch (61,60). The proper po-
sition of the microswitch (62) is adjusted by the screw (67)
or similar means from any convenient side of the pressure gau-

ge (1) so that under normal'tyre pressure the round edge of the

electrode (63) is in the middle of the distance between the contact points (66)
20 The elastic propertiés of many small balls made by material like
rubber or the properties of a sponge foamy material filling up
a small chamber (78) are used to devise another pressure sensor.
The rubber layer (71) closes the chamber (78) so that it sepa-
rates air-tightly the other side chamber which communicates
25 with the interior of the tyre (23). One edge of the electrode
(73) is fastened on the middle point of the rubber layer (71) and
the other edge of the electrode (73) is moving between the con-
tact points (76) of the microswitch (72).The screw (77) regulates
the position of the microswitch (72) and the use of soft springs
30 (70) supports the elastic properties of the sponge foamy material
or small elastic balls.Also the elastic properties of a heavy com-
pressed gas f£filling up a little volume (88) closed by a rubber'
layer (81) are used to make another similar pressure gauge sensor (1).
The electrode (83) is fastened on the middle point of the rub-
35 ber layer (81) and the springs (80) support the elasticity of
the rubber layer (81). The screw (87) controls the correct

position of the microswitch (82).
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All the types of the above described pressure gauge sensors are
applied either on some air inlet valves which are fixed externally
on the metallic rims (36) of the wheels or they are placed on
the internal side of the metallic rims (36).

Another type of a sensor which is fixed on the internal surface
of the wheel”s metallic rim (36) consists of a small chamber
(98) which is closed around by walls (90,91, 103) made either
by rubber or by very thin metallic layers which form folding

of wavy shape as bellows. One edge of the electrode (93) is fas-
tened on the wall (90) and the other edge moves between the con-
tact points (96) of the microswitch (92). Only the wall (103)
is fixed steady on the internal walls of the metallic box (104,
109) while the wall (90) moves freely along the axis which is
parallel to the cylindrical wall (91). The base (109) of the
metallic box (104,109) is fixed steadily on the internal side
of the wheel”s rim (36) and the interior of the tyre (23) com-
municates with the interior of the box (104,109) through the
opening (108) of the wall (104). The chamber (98) is filled

up either permanently by a heavy gas with same pressure as

the normal tyre pressure or by air through the inlet valve (99)
which is fixed on the wall (103) and comes out through the rim-
(36). The inlet valve (99) is useful for calibration purposes
instead of screw (97), to adjust the correct position of elec-
trode edge(93) between the contact points (96). Provided the
air pressure in the tyre is normal, then a pressurized air is
admitted in the chamber (98) until the electrode edge (93) ,
which is moving away from the contact points (96), reaches the
middle point of the distance between the contact points (96).
The average value of the two air pressures in the chamber (98)
when the LED (5) turns on-off-on gives an indication of the
correct position of the electrode edge (93). In order to ob-
tain a continous indication of the air tyre pressure the elec-
trode edge (93) is rotated by an attached small metallic wheel
or slips with very small friction on a special material with
high electrical resistance along its moving distance so that
there is a continous electrical contact between the electrode

(93) andthis material.. The electrical resistance between
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the points (96) depends on the position of the electrode edge
(93). Finally, some special materials of which their ohmic re-
sistance varies proportionally to the applied air pressure are

used as the base for making pressure sensors.

5
7. The device for indicating to the driver of a vehicle the ab-

normal and normal pneumatic tyre pressure during driving or stop-
ping of the vehicle according to the claims 1,2,3,4,° and 6
is characterized by adifferent voltage comparator circuit (105,
10 106,107) with a comparator (106) or a microprocessor which are
used in order to avoid activation of the LED (5) by parasitic
currents. The LED (5) which is driven by the comparator (106)
is activated only by the main current. The third isolated me-
tallic strip (4) is connected with a middle point of the coil
15 (14) which is different than the final turn that is connected
to the resistors (9,21). The LED (5) is activated by using the
electronic circuit of comparator (106). Attention must be paid
to the coil winding (14) so as to limit the high number of
turns which are not very close to each other to avoid an elec-
20 trical breakdown of the insulating material covering the wire.
The end of the coil (14) is connected with the ground (10)
through a diode or aresistor or a capacitor.
The rotating strips (2) or (50,51) or (56,57) are replaced by
one or more rotating coils of thin wire in a spiral plane form
25and the non-rotating strips (3) or (52,53) or (58,59) are re-
placed by one or more non-rotating coils of the same spiral pla-
ne shape. One end of the wire of the rotating coil is connect-
ed with any one of the terminals (64,74,84,94) of the sensor
(1) and the other end of the wire of the rotating coil is con-
30 nected with any one of the other terminals (65,75,85,95) of the
same sensor (1). The alternating current which flows in the non
rotating coil is reduced when the ends of the rotating coil
are shorted out by the sensor (1) in case of abnormal tyre pres-
sure. The reduction of the current depends on the number and
35 ratio of turns of the rotating and non-rotating coils, on the
frequency of the applied voltage, on the separation distance
between the rotating and non-rotating coils and on the magne-

tic properties of the coils”™ cores.
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Especially the cores of the coils should be very close to each
other so that the rotating core almost touches the non-rotating
core. The voltage reduction in the non-rotating coil is detect-

ed by a voltage comparator circuit (105,106,107).

8. The device for indicating to the driver of a vehicle the ab-
normal and the normal pneumatic tyre pressure driving or stop-
ping of the vehicle accordmhg to the claims 1,2,3,4,5,6. and
7 is characterized by the infusible electrode pin (111) which
10 substitutes the strip (2) or (3) and the complete metallic an-
nulus (112) which substitutes the strip (3) or (2). The surface
of the annulus (112) is covered by a material which has a se-
condary electrons emission coefficient of high value, as MaoO,
Ag,Pt etc, while the cross section of the annulus (112) can be
15 of circular, parallelogram'or triangular shape or a combination
of them with their vertex close to the pin (111). In addition
the pin is covered by a small quantity of of B-rays radioisoto-
pe. A current can flow in the circuit only in the case of an ab-
normal pressure in which the metallic annulus (112) is grounded
20 to the rim of the wheel and through the axle to the chassis of
the vehicle so there is an electric discharge between the elec-
trodes (111,112) due to the applied high voltage and therefore
there is a spark discharge coupling. The flowing current in
the circuit activates the LED (5) or an audio indicator. There-
25 fore by the above method the parasitic current is avoided and
there is a significant reduce of the metallic strips size. The
strips (56,57) or (58,59) can also be substituted by two in-
fusible metallic pins and the strips (58,59) or (56,57) can be
substituted by a metallic annulus which has the same characte-
30 ristics whith the annulus (112). The applied high voltage be-
tween the electrodes (111,112) can be AC or DC voltage and in
this case it can be produced by high voltage generator (19,
41,40) ,
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