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571 ABSTRACT

A device for optically displaying the pressure of a me-
dium comprises a housing, a piston within the housing
which is movable along a longitudinal axis against a
restoring force, and an optically transparent element
within the housing having a display surface which is
visible from outside the housing. An inner wall of the
optically transparent element delimits a cavity which is
open towards the piston. A surface of a first color, e.g.,
green, is mounted on the piston and is movable there-
with, the colored surface being received within the
cavity of the optically transparent element. The opti-
cally transparent element includes a circumferential
zone of a second color, e.g., red, which colored zone is
not directly visible from outside the housing through
the display surface. When pressure exerted by the me-
dium on the piston is too low, the restoring force keeps
the colored surface away from the inner wall and re-
flects light rays emanating from the colored zone
through the display surface, while reflecting back the
light rays from the colored surface. In this condition,
the color red is visible through the display surface.
When the pressure exerted by the medium overcomes
the restoring force so that the colored surface presses
against the inner wall, light rays emanating from the
colored surface are transmitted through the display
surface, while light rays emanating from the colored
zone are reflected back onto the housing. In this condi-
tion, the color green is visible through the display sur-
face.

10 Claims, 2 Drawing Sheets
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1

DEVICE FOR OPTICALLY INDICATING THE
PRESSURE OF A MEDIUM

BACKGROUND OF THE INVENTION 5

The instant invention relates to a device for optically
indicating the pressure of a medium, in particular, the
air pressure in a vehicle tire.

A device of this type is known from DE 40 07 388 C2.
This known device has an optically transparent element
which consists of a light-screening element and a bal-
loon connected to same, said balloon being filled with a
light-absorbing liquid. The optically transparent ele-
ment interacts with a piston capable of being moved
towards and away from the optically transparent ele- 13
ment. The piston is coated with a color layer on its side
facing towards the optically transparent element. The
movement of the piston towards the optically transpar-
ent element is caused by the pressure of a medium press-
ing the piston in opposition to the force of a spring. The 20
movement of the piston away from the optically trans-
parent element is caused by the force of the spring when
the pressure drops.

If no pressure or only little pressure is present and
acting upon the piston so that no pressure is exerted by 25
the piston upon the balloon of the optically transparent
element, the entire flat light-screening element is filled
evenly with the light-absorbing liquid in the balloon. In
this state, the light reflected by the color layer on the
piston is absorbed by the light-absorbing liquid. The 30
light falling on the color layer of the piston is therefore
screened by the light-absorbing liquid in the balloon so
that the color layer is not visible from the outside.

If the piston is moved by the pressure of the medium
towards the optically transparent element until the pis- 35
ton surface coated with the color layer is pressed
against the balloon containing the light-absorbing lig-
uid, the liquid recedes into the border zone of the bal-
loon. The sides of the balloon facing each other come
into contact with each other so that light is no longer 40
absorbed by the light-absorbing liquid. The light re-
flected from the color layer of the piston traverses the
optically transparent element so that the color layer of
the piston becomes visible from the outside.

This known device has the disadvantage of being 45
relatively expensive to make and also delicate. For ex-
ample, leaks may occur in the balloon containing the
light-absorbing liquid so that the liquid is lost and the
device thereby becomes ineffective in indicating the
pressure of a medium. 50

It is the object of the instant invention to provide a
device for the optical indication of the pressure exerted
by a medium which device is simple in construction as
well as inexpensive and reliable in operation.

SUMMARY OF THE INVENTION

In accordance with the present invention, a device
for optically displaying the pressure of a medium com-
prises a housing, a piston within the housing which is
movable along a longitudinal axis against a restoring 60
force, and an optically transparent element within the
housing having a display surface which is visible from
outside the housing. An inner wall of the optically
transparent element delimits a cavity which is open
towards the piston. A surface of a first color, e.g., green, 65
is mounted on the piston and is movable therewith, the
colored surface being received within the cavity of the
optically transparent element. The optically transparent
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element includes a circumferential zone of a second
color, e.g., red, which colored zone is not directly visi-
ble from outside the housing throngh the display sur-
face. When pressure exerted by the medium on the
piston is too low, the restoring force keeps the colored
surface away from the inner wall and reflects light rays
emanating from the colored zone through the display
surface, while reflecting back the light rays from the
colored surface. In this condition, the color red is visi-
ble through the display surface. When the pressure
exerted by the medium overcomes the restoring force
so that the colored surface presses against the inner
wall, light rays emanating from the colored surface are
transmitted through the display surface, while light rays
emanating from the colored zone are reflected back
onto the housing. In this condition, the color green is
visible through the display surface.

The invention offers in particular the advantage of
producing an optical indication in the form of a color
change by utilizing the physical effect of total reflection
as well as by providing a colored zone, e.g., in the form
of a colored strip on the optically transparent element,
and by providing a different color to the colored sur-
face which is moved by the piston.

A second advantage of the invention consists in the
fact that the change in the pressure of the medium can
be recognized from a change in color in the area of the
display surface of the optical element which can be
made in the form of a viewing window. In a further
development of the invention, the optically transparent
element has a lens-shaped surface curvature in the form
of a convex lens in the area of the display surface. This
leads to an enhanced recognition of the color appear-
ance in the area of the display surface of the optically
transparent element.

In another embodiment of the invention, the part
supporting the color surface which is moved by the
piston is made of an elastic, flexible material such as an
elastomer. Such a material ensures that any possible
unevenness on the wall delimiting the cavity of the
optically transparent element (i.e., the interface) is com-
pensated for through the elasticity of this part. It is
therefore not necessary to make the wall (interface)
delimiting the cavity of the optically transparent ele-
ment as an absolutely smooth surface. Thanks to this
measure, minor unevenness of the wall (interface) de-
limiting the cavity of the optically transparent element
can thus be accepted.

The cavity is advantageously conical in shape, at least
in its region across from the colored zone; accordingly,
the part supporting the color layer and reaching into the
conical region of the cavity of the optically transparent
element is also conical. The cavity can also have a shape
other than conical, in which case the part reaching into
the cavity will conform to this shape.

The restoring force acting on the piston is advanta-
geously produced by an element made of an elastomeric
material, wherein this element is placed between the
sides of the optically transparent element facing each
other and the piston.

In another embodiment of the invention, the colored
zone is constituted by a seal made of an elastomeric
material, said seal being located between the optically
transparent element and the area of the housing contain-
ing the optically transparent element which faces it.

In an advantageous further embodiment of the inven-
tion, the piston is made in the form of a membrane with
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an integral elastomeric filling piece supporting the col-
ored surface for the cavity of the optically transparent
element.

The colored zone is preferably poured or injected
into the optically transparent element.

BRIEF DESCRIPTION OF THE DRAWINGS

Four different embodiments of the invention are ex-
plained below in greater detail through the drawings in
which,

FIG. 1 shows a device according to the invention for
the optical display of the pressure of a medium;

FIG. 2 shows a device substantially identical with the
device shown in FIG. 1, in which the colored zone is
constituted, however, by a sealing element made of an
elastic material;

FIG. 3 shows a device comparable to the device
shown in FIG. 1, in which the piston is made, however,
in the form of a membrane piston supporting an integral
filler piece on its side facing towards the optically trans-
parent element, said filler piece interacting with the
optically transparent element, and

FIG. 4 shows a device comparable with the device
shown in FIG. 3, in which the colored strip constituting
the colored zone is replaced, however, by a colored
sealing element.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

FIG. 1 shows a pot-shaped housing (1) the bottom
portion (26) of which is provided with a connection
piece (27) with a passage opening (23) leading into the
inner space (24) of the housing. The housing (1) con-
tains a piston (2,19) capable of moving along the direc-
tion of the longitudinal axis of the housing (1). The
piston (2,19) is provided with a sealing ring (20) placed
in a circumferential groove of a lower part (19) of the
piston (2,19).

An optically transparent element (5,9) having a dis-
play surface (9) visible from the outside is set into the
open front of the pot-shaped housing (1) across from the
housing bottom (26). The optically transparent element
(5,9) protrudes slightly out of housing (1) away from the
bottom (26) of housing (1). This protruding region
which constitutes the display surface (9) and serves as a
viewing window is provided with a convex surface
curvature in the form of a lens.

The region of the optically transparent element (5,9)
facing towards the bottom (26) of housing (1) rests with
an annular surface (17) on a projection (16) of the inner
wall of housing (1).

The optically transparent element (5,9) is held in
place by a surrounding projection (7) of the wall of
housing (1) extending towards said optically transparent
element (5,9). The projection (7) of housing (1) is pro-
duced through a modification of the shape of the border
area of the housing (1). The projection (7) is in contact
with a surface (8) of the optically transparent element
(5,9) located in proximity to the lens-shaped surface
curvature of the optically transparent element (5,9).
Other means for attaching the optically transparent
element (5,9) to or in the housing (1) are also possible,
such as, for example, a screw-on ring.

The optically transparent element (5,9) is provided
with a cavity (11,14) which is open towards the piston
(2.19), said cavity serving to receive a color surface (12)
capable of being moved by the piston (2,19) when said
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4
piston (2,19) is moved along the direction of the longitu-
dinal axis of the cavity (11,14).

The inner space (24) of the housing (1) contains a
compression spring (3) which bears with one end upon
an annular surface (17) of a surrounding projection of
the optically transparent element (5,9) directed towards
the inner space (24) of the housing. The compression
spring (3) acts with its other end upon the lower part
(19) of the piston (2,19) pushing the piston away from
the optically transparent element (5,9) or display sur-
face (9). With its side away from the optically transpar-
ent element (5,9), the piston (2,19) delimits a pressure
chamber (22) connected to the passage opening (23)
serving as a connection to the pressurization means.

The connection to the pressurization means can be
connected to the inflation valve of a vehicle tire, for
instance.

An extension (2) of the piston (2,19) extends in the
direction of the cavity (11,14) of the optically transpar-
ent element (5,9) from an annular surface (18) of the
piston (2,19) which, as mentioned earlier, is subjected to
the force of the compression spring (3). The extension
(2) of piston (2,19) is guided by a wall (15) delimiting the
cylindrical portion (14) of the cavity (11,14). The cavity
(11,14) of the optically transparent element (5,9) has a
conical portion (11) following the cylindrical portion
(14), said conical portion (11) tapering off in a direction
away from the cylindrical portion (14) and extending
into the optically transparent element (5,9).

On the extension (2) of piston (2,19), a part (4) con-
nected to the piston is installed, and in the portion of the
cavity (11,14) which is conical, said part (4) also has a
conical shape to match this conical shape of the cavity
(11,14). The conical region (12) of the part (4) con-
nected to the extension (2) of piston (2,19) is made of an
elastically deformable material.

The conical region (11) of the cavity (11,14) forms an
angle, e.g., of approx. 60°, The conical region (12) of the
extension (2) of the piston (2,19) preferably forms a
smaller angle than the conical region (11) of the cavity
(11,14). This difference in angle makes it possible to
obtain a better filling action and resetting action.

The optically transparent element (5,9) is provided
with a cavity (10) on its side away from the contact
surface (17) of the compression spring (3), and a wall
(29) of said cavity (10) across from the conical surface
(13) extends at an angle to and preferably concentrically
with the longitudinal axis of the optically transparent
element (5,9), whereby said wall (29) extends from an
interior portion of the optically transparent element
(5,9) going to the outer circumferential surface of the
optically transparent element. The wall (13) of cavity
(11,14) delimiting the conical region (11) of said cavity
(11,14) of the optically transparent element (5,9) and the
wall (29) facing it and delimiting the cavity (10) to-
gether form an angle of, e.g., approximately 60°.

A colored surface is sprayed or produced by inte-
grated pouring on the wall (29) and forms a colored
zone (6). The color of this colored zone (6) is preferably
red and fluorescent in daylight since red is highly effec-
tive for signalling and since the fluorescent effect fur-
ther heightens recognition.

The conical region of part (4) which is connected to
the piston (2,19) is made of an elastically deformable
material. At least this region of part (4) connected to the
piston (2,19) is provided with a colored surface (12) in
the area which comes into contact with the totally re-
flecting interface between the wall (13) of the optically
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transparent element (5,9) delimiting the conical region
(11) and the adjoining air layer when part (4) is intro-
duced into cavity (11,14). The colored surface (12) is
preferably green so that it is in strong contrast with the
red color of the colored strip constituting the colored
zone (6).

FIG. 2 shows a device which is substantially the same
as the device according to FIG. 1. For the sake of clar-
ity, the components which are the same in FIGS. 1 and
2 are given the same reference numbers. Since these are
devices which are directly comparable with each other,
only the details by which the device of FIG. 2 is differ-
ent from the device of FIG. 1 are discussed here.

As in FIG. 1, the optically transparent element (5,9)
in FIG. 2 is also provided with a cavity (10) in its cir-
cumferential surface, the wall (29) of said cavity extend-
ing at an angle to and preferably concentrically with the
longitudinal axis of the optically transparent element
(5,9) so that wall (29) and wall (13) form an angle of,
e.g., 60°.

A colored elastomer seal (28) is provided in the cav-
ity (10) and is in sealing contact with wall (29) of cavity
10 with its one side. With its side away from the opti-
cally transparent element (5,9), elastomer seal (28) is in
sealing contact with the inside wall of housing (1) of the
device, thus preventing dirt and moisture from entering
through the gap between the outer circumferential wall
of the optically transparent element (5,9) and the inside
wall of housing (1).

The elastomer seal (28) is also preferably red in color,
similarly to the colored strip (6) in FIG. 1. The conical
colored surface (12) of the elastically deformable part
(4) connected to piston (2,19) which penetrates the
conical region (11) of cavity (11,14) is preferably green.

The operation of the above-described devices ac-
cording to FIGS. 1 and 2 is explained in greater detail
below.

As mentioned earlier, the colored zone formed in
FIG. 1 by the colored strip (6) is replaced by a colored
elastomer seal (28) in the device according to FIG. 2.
The function of the device according to FIG. 2 is the
same as the one according to FIG. 1.

FIG. 1 shows the state of the device when tire pres-
sure is too low and FIG. 2 shows the state of the device
when tire pressure is correct.

If the force of pressure coming from a tire filled with
compressed air, for example, prevailing in the pressure
chamber (22) and pushing piston (2,19) against the force
of the compression spring (3), is equal to or less than the
force directed by the compression spring (3) in the
opposite direction upon the piston (2,19) when tire pres-
sure is insufficient, said piston (2,19) and thereby also
part (4) which is connected to the piston is in the posi-
tion shown in FIG. 1.

In this position, an air-filled gap (11,14) exists be-
tween the wall (13) and the outer circumferential sur-
face of the part (4) connected to the piston (2,19). Light
rays emanating from the colored zone (6) or (28) are
reflected totally by the optical wall (13)/air interface
and are directed upon the display surface. This optical
wall (13)/air interface additionally reflects light rays
coming from the colored surface (12) in such manner
that these cannot reach the display surface (9). As a
result the display surface (9) appears red.

If the pressure in the vehicle tire increases from a
minimum pressure value to a sufficient level which can
be predetermined by the force of the compression
spring (3), the force of the pressure in the pressure

5

10

15

20

25

30

35

45

50

55

60

65

6

chamber (22) causes the piston (2,19) to be moved up-
wards against the force of the compression spring (3) in
the direction of the display surface (9), whereby the part
(4) connected to the piston projects into the cavity
(11,14) until it reaches its final position (shown in FIG.
2) so that the elastically deformable color surface (12)
comes to lie against the wall (13) delimiting the conical
portion (11) of the cavity (11,14).

The conical portion (11) of the cavity (11,14) of the
optically transparent element is then completely filled
by the colored surface (12) of the part (4) connected to
the piston (2,19) so that the wall (13) is covered and the
optical wall (13)/air interface no longer exists. As a
consequence, light rays emanating from the colored
zone (colored strip (6) or seal (28)) are no longer re-
flected from wall (13) to the display surface (9). Since
the colored zone (6) or (28) is furthermore positioned
and designed so that it cannot be seen directly through
the display surface (9), the red color of the colored zone
(6) or (28) disappears from the display surface (9).

As the optical wall (13)/air interface becomes inac-
tive, the total reflection of the light rays emanating from
the colored surface (12) are also suppressed. This has as
a consequence that these light rays reach the display
surface (9). As a result, the display surface (9) no longer
appears red but green, since the color of the colored
surface (12) of part (4) is green.

The colored strip (6) can of course also be any other
color. Similarly, the colored surface (12) of the part (4)
entering the cavity (11,14) can also be a different color.
‘What is significant is that the color of the colored zone
(colored strip (6) or seal (28)) distinguishes itself from
the color of the colored surface (12).

FIGS. 3 and 4 show devices similar to the devices
shown in FIGS. 1 and 2. In FIG. 3 as well as in FIG. 4,
a membrane piston (31) is used instead of a piston capa-
ble of being shifted in housing (1) against the force of a
compression spring, said membrane piston (31) being
provided with an integral piece (30) made of plastic on
its side towards the optically transparent element (5,9),
said integral piece (30) extending into the cavity (11,14)
of the optically transparent element. The restoring

_force required to reset membrane piston (31) is inher-

ently produced by the membrane. It is of course also
possible to provide a compression spring between the
membrane piston (31) and the optically transparent
element (9).

Preferably, the conical portion of the integral piece
(30) supporting the colored surface (12) is made of an
elastically deformable material which is softer than the
region of this integral piece which is connected to the
piston.

The piece (30) can, however, be made of a material
other than plastic, such as metal, for example, and can
be connected to the membrane (31) by being vulcanized
to same. It is recommended, however, to make the
integral piece (30) supporting the region with the col-
ored surface (12) of a soft elastically deformable mate-
rial so that this conical portion will be able to com-
pletely press against the wall (13) of the optically trans-
parent element (5,9) delimiting the cavity (11,14).

As is the case for the piston (2) shown in FIGS. 1 and
2, the membrane piston (31) in the embodiments of
FIGS. 3 and 4 delimits a pressure means chamber (22)
which can be subjected to pressure via a passage open-
ing (23) in a connection piece (27).

FIG. 3 shows an optically transparent element (5,9)
with a cavity (10) in which a colored strip (6) consti-
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tutes a colored zone as in FIG. 1. Instead of this colored
strip (6), the device of FIG. 4 is provided with a colored
elastomer sealing element (28) such as is also provided
in the device according to FIG. 2.

The housing of the devices according to FIGS. 1to 4
may be made of metal or plastic. The optically transpar-
ent element may be a colorless plastic or glass. In the
embodiments according to FIGS. 3 and 4, the piston
which comprises a membrane piston is made of an elas-
tically deformable material, and in the embodiments
according to FIGS. 1 and 2, the piston may be made of
metal or plastic. In the embodiments of the devices
according to FIGS. 1 and 2, the piston may be provided
directly with a colored surface on its side towards the
optically transparent element so that an additional part
connecting the piston may be omitted.

The cavity in the optically transparent element may
be conical. However, it may also have some other shape
that tapers off away from the piston, and this applies in
that case of course also to the side of the piston towards
the cavity or to its colored surface. The piston can be
designed so that its side towards the inside wall of the
optically transparent element can be pushed against this
wall by the pressure means acting upon the piston.

It may also be possible to make the housing and the
optically transparent element as one piece.

The compression spring (3) in FIGS. 1 and 2 can
bear, as shown, upon the surface (17) of part (5) of the
optically transparent element (5,9), but it may also bear
upon a projection to be provided on the inside wall of
the housing in a manner which is not shown.

Similarly, it is possible to replace the compression
spring (3) of FIGS. 1 and 2 by a part made of an elasto-
mer material, whereby this part must be installed be-
tween the sides facing each other of the optically trans-
parent element (5,9) and piston (2,19).

In the embodiments according to FIGS. 1 and 2 and
by using a colored strip (6), 2 separate seal can be pro-
vided either in cavity (10) or between the wall of the
housing and the optically transparent element.

While the invention has been described by reference
to specific embodiments, this was for purposes of illus-
tration only. Numerous alternative embodiments will be
apparent to those skilled in the art and are considered to
b within the scope of the invention.

I claim:

1. Device for optically displaying the pressure of a
medium, comprising

a housing,

a piston within said housing which is movable by the

pressure exerted by said medium along a longitudi-
- nal axis from an initial position to an end position
against a restoring force,
an optically transparent element within said housing,
said optically transparent element having a display
surface on a first side facing away from said piston,
said display surface being visible from outside said
housing, .

said optically transparent element having a wall on a
second side facing towards said piston, said wall
delimiting a cavity which is open towards said
piston,
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8

a surface having a first color within said housing, said
surface being movable by said piston and being
received within said cavity as said piston is moved
by the pressure of said medium,

said optically transparent element having a circum-
ferential surface enveloping said longitudinal axis
having a zone of a second color which is not di-
rectly visible from outside said housing through
said display surface, said second colored zone
being integral with said optically transparent ele-
ment,

said wall of said optically transparent element delim-
iting said cavity being aligned so that light rays
emanating from said second colored zone are re-
flected by an interface formed by said wall and an
adjoining air layer towards said display surface so
that said second color is visible from outside said
housing when said piston is not in its end position,

said colored surface being moved by said piston to
traverse said interface when the pressure of said
medium is greater than a predetermined pressure
level, so that light rays emanating from said col-
ored surface are reflected at said interface within
said housing before said piston reaches said end
position, and said light rays emanating from said
colored surface are transmitted through to said
display position when said piston reaches said end
position and said first color is visible from outside
said housing.

2. The device of claim 1 wherein said optically trans-
parent element protrudes from said housing and said
display surface has a lens-shaped curvature.

3. The device of claim 1 wherein said cavity is coni-
cally shaped at least in a region which is across from
said colored zone.

4. The device of claim 1 wherein said colored surface
is conically shaped at least in a region which is across
from said colored zone when said piston is in said end
position.

5. The device of claim 1 further comprising a spring
which produces said restoring force, said spring having
a fist end which is supported by said housing and a
second end which pushes said piston in a direction away
from said display surface.

6. The device of claim 1 wherein said colored surface
is located on a part made of an elastically deformable
material.

7. The device of claim 1 wherein said second colored
zone comprises a colored elastic seal in contact with
said optically transparent element.

8. The device of claim 1 wherein said piston com-
prises a membrane having an integral elastomeric filler
piece supporting said colored surface.

9. The device of claim 1 wherein said circumferential
surface having said second colored zone is inclined
relative to said longitudinal axis.

10. The device of claim 1 wherein said circumferen-
tial surface having said second colored zone extends
from an interior portion of said optically transparent
element outwardly towards an external wall of said

optically transparent element.
* * * * *



