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(57) Abrégée/Abstract:
Shown and described is a float (1) for displaying the fill level of a medium (3) in a container (2), wherein the float (1), in the intended

use, Is guided from the wall of the container (2, 4) and Is suitable for reflecting electromagnetic waves emitted from a transmitter (5)
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(57) Abrege(suite)/Abstract(continued):
toward a recelver (6). A float that has improved reflecting characteristics of the electromagnetic waves regardless of whether or not

the float Is tilted Is Implemented In that, in the Intended use, at least the side of the float (1) facing the transmitter (5) is designed as a

reflector (20) for reflecting electromagnetic waves to the recelver (6) and that a field attenuation structure (8) Is designed behind the
reflector (20) from the perspective of the transmitter (5) in such a manner that the electromagnetic wave interacting with the field

attenuation structure (8) Is attenuated.
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Abstract:

Shown and described is a float (1) for displaying the fill level of a medium (3) 1n
a container (2), wherein the float (1), in the intended use, is guided from the wall
of the container (2, 4) and is suitable for reflecting electromagnetic waves
emitted from a transmitter (5) toward a receiver (6).

A float that has improved reflecting characteristics of the electromagnetic waves
regardless of whether or not the float is tilted is implemented in that, in the
intended use, at least the side of the float (1) facing the transmitter (5) 1s
designed as a reflector (20) for reflecting electromagnetic waves to the receiver
(6) and that a field attenuation structure (8) is designed behind the reflector (20)
from the perspective of the transmitter (5) in such a manner that the
electromagnetic wave interacting with the field attenuation structure (8) is

attenuated.
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Float for Displaying a Fill Level

The invention relates to a float for displaying the fill level of a medium 1n a
container, wherein the float, in the intended use, is guided from the wall of the
container and is suitable for reflecting electromagnetic waves emitted from a
transmitter toward a receiver.

Such floats are used in practice for fill level measurement based on the radar
principle in order to bring about a defined reflection behavior in the area of
the surface of the medium whose fill level is to be measured. As is generally
known, the reflection factor of electromagnetic waves is dependent on — not
only, but also — refraction indices of the media forming the interfaces and thus
on their permeability and permittivity. The amplitude of the electromagnetic
waves reflected without a float is thus dependent on the matenal
characteristics of the media involved and thus dependent on each specific use
of a fill level measuring device. In particular, when only the medium interface
is used as a reflection surface, the ratio of desired signal intensity to
interference signal intensity can practically not be predicted, which makes it
difficult to design a fill level measuring device. These difficulties are
alleviated by the use of the above-mentioned float, since the reflection of
electromagnetic waves is defined by the nature of floats and, in particular, 1s
better than the reflection from media of low permittivity.

Electromagnetic waves emitted from the transmitter, which is normally found
above the medium, toward the medium are reflected by the float, which
partially extends into the medium, and the reflected waves are received by the
receiver, which is also normally found above the medium. Finally, the fill
level is calculated using a known radar method. In one of these methods, the
fill level is determined from the running time of an electromagnetic pulse. In
another method, the frequency of a continual electromagnetic signal is
modulated in such a manner that the fill level can be determined using the

frequency difference between the emitted and received frequencies
(modulated continuous wave).

The float is often located in a reference container, which is normally a long
hollow body with relative little cross section surface, wherein the walls of the



10

15

20

25

30

35

CA 02772834 2012-03-29

reference container guide the float. The reference container is normally
located inside of the container or next to the container in which the medium is
found, whose level is to be determined and the longitudinal axis of the
reference container is essentially directed toward the force of gravity. The
reference container is connected to the container in such a manner that the fill
level of the medium in the reference container coincides with the fill level of
the medium 1n the container. Due to the small cross section surface of the
hollow body and due to the mass of the float, interference in the stillness of
medium that can occur during filling and removing the medium are reduced
and the measuring accuracy is increased in this manner. On the upper end of
the reference container, there is normally a transmitter as well as a receiver for
the electromagnetic waves and the reference container i1s often used as a
waveguide for the electromagnetic waves. The floats are often provided with a
magnet system and next to the reference container, there is an additional
display for the fill level by means of magnetic flap or by means of a display
magnet. Displaying the fill level occurs, then, using two independent systems
and 1ncreases reliability using redundancy, which, however, is presently not
an 1ssue.

Floats known from the prior art have a surface on which the electromagnetic
waves are reflected. The clearance basically necessary for the float being
guided by the walls of the container causes an unforeseeable tilting of the
float, through which the reflection characteristics are changed. In this manner,

unforeseeable reflections of the electromagnetic waves can occur in the gap
created by this tilting between the walls of the container and the float, which

detrimentally influences measurement.

Object of the present invention i1s to provide a float that has improved
reflection characteristics for the electromagnetic waves, in particular 1s not
dependent on whether the float is tilted or not and which 1s preferably

compatible with existing floats equipped with magnet systems.

The float according to the invention in which the above described and shown
object 1s met, is initially and essentially characterized in that, in the intended
use, at least the side of the float facing the transmitter i1s designed as a
reflector for reflecting electromagnetic waves to the receiver and that a field
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attenuation structure 1s designed behind the reflector from the perspective of
the transmitter in such a manner that field intensity in the area of the field
attenuating structure 1s attenuated with respect to the situation in which the
field attenuation structure is not provided. Here, it is of little importance
which physical effect causes such field attenuation, for example achieved
using transformation of the state of the field and/or caused by damping the
electromagnetic waves reaching the area of the field attenuation structure. In
the case of transformation of the state of the field, the proportion of energy
can be in favor of the reflected electromagnetic waves, while, in the case of
damping the electromagnetic waves in the area of the field attenuation
structure, the proportion of energy of the reflected wave remains practically
unchanged, but the energy from interfering reflections is reduced. Both
exemplary variations can, of course, be combined with one another.

The use of the float according to the invention with developed reflection and
field attenuating structures as opposed to the use of the float known from the
prior art has the advantage of improved reflection characteristics essentially
independent of the tilting of the float. The side of the float facing the
transmitter and designed as reflector for reflecting electromagnetic waves to
the receiver generates the actual desired signal that is to be used for distance

and thus fill level determination.

All components of the float are to be preferably made of such materials that
are resistant to the medium whose level 1s measured in the container and are to
have good reflection characteristics for electromagnetic waves. In particular,
the density of the float in its entirety should be less than that of the medium

whose level 1s to be measured.

In a preferred design of the invention, 1t is provided that the reflection
characteristics are optimized using a flat or curved design, from the
perspective of the transmitter of the electromagnetic waves, of the surface of

the retlector.

In a particularly preferred design of the invention, it 1s provided that the tloat
consists of a floating body and a field attenuating structure attached to it. The
dimensions of the floating body and the field attenuating structure are chosen
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so that the floating body comes into contact with the walls of the container
when the float tilts in the container, however, the ficld attenuating structure
does not come into contact with the walls of the container. In this manner,
electrical charges are discharged, which prevents the risk of explosion in
explosive media.

In a further preferred design of the invention, the field attenuating structure is
implemented as a A/4 filter (A 1s the wavelength of the used electromagnetic
waves), in which field attenuation is caused by destructive overlay of the
electromagnetic waves that have reached the area of the field attenuating
structure. Such a A/4 filter transforms the state of the field in the gap between
the reflector and the field attenuating structure, on the one hand, and the wall
of the container, on the other hand in such a manner that a large portion of the
electromagnetic waves is reflected; as in other filters based on interference,
energy does not get “lost”, no electromagnetic field i1s damped in the classical
sense. The field attenuating structure designed as A/4 fiiter practically also
acts as a reflector, there is a nearly complete reflection on the surface of the
reflector, as would result in a “short-circuit” with a completely closed metallic
wall.

A preferred implementation of a A/4 filter consists of large discs and small
discs preferably arranged coaxially and alternately one after the other in the
direction of propagation of electromagnetic waves emitted from the

transmitter, which together form a A/4 filter. The discs have — in view of the
direction of wave propagation — a thickness of about an odd multiple of a

quarter of the wavelength of the electromagnetic waves used.

In an alternative design, the float consists of a field attenuating structure and a
reflector, wherein the field attenuating structure also takes over the tasks of
the float. A separate floating body is omitted. Such a float is very compact and
tends to tilt overall less often than a float with a “fitted” field attenuating

structure.

In a further advantageous design, at least one of the small discs 1s surrounded
by at least one ring of at least one dielectric material. Such a ring influences
the interaction of the electromagnetic wave with the field attenuating structure
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In an advantageous manner, because, due to the further interface, the guiding
of the wave can be specifically influenced in the field attenuating structure. In
a further development of the invention, it is provided that, in particular, the
reflector and the field attenuating structure are encased in a dielectric material.
This casing influences the reflection and the damping of the electromagnetic
waves in an advantageous manner, furthermore, such a casing can also be
designed to protect against corrosion.

A further advantage exists in that a field attenuating structure having a jagged
geometry can be equipped with a smoother contour, which inter ala,
effectively aids in avoiding the undesired sticking of the medium to the float.

In an alternative design, the expansion of the discs is not circular, through
which the reflecting and damping characteristics of the float can be adapted
for the electromagnetic waves, for example to the geometry of the container.

In detail, there are a plurality of possibilities for designing and further
developing the float according to the invention. In this matter, reference 1s
made to the patent claims subordinate to patent claim 1 and to the description
of preferred embodiments in conjunction with the drawing. The drawing

shows:

Fig. 1 an embodiment of a float known from the prior art, which 1s part
of a fill level measuring device,

Fig. 2a an embodiment of a float according to the invention in a
container, 1n a side view,

Fig. 2b the float according to Fig. 2a, in a tilted position,

Fig. 3a the float according to Fig. 2a, in a top view,

Fig. 3b a further embodiment of a float according to the invention, 1n a

top view,
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Fig. 4 a further embodiment of a float according to the mnvention, in a
side view, and

Fig. § a final embodiment of a float according to the invention, 1n a side

VIEW.

A typical application for a float 1 known from the prior art 1s shown 1n Fig. 1,
with the aid of which the fill level of a medium 3 found 1n a container 2, 4 1s
to be determined. For this, a reference container 4 1s joined to the container 2
in such a manner that the fill level of the medium 3 in the container 2
corresponds to the fill level of the medium 3 1n the reference container 4. The
float 1 corresponding to the prior art floats in the medium 3 in the reference
container 4, partially extending out of the medium 3. The float 1 is guided on
the side by the walls of the reference container 4, so that it can only move in
the direction of the longitudinal axis of the reference container 4. However,
there 1s clearance present between the float 1 and the walls of the reference
container 4, which results in an unavoidable and unforeseeable tilting of the
float 1 in the reference container 4.

A fill level measuring device 5, 6 operating with electromagnetic waves
according to the radar principle has a transmitter 5 and a receiver 6 for
electromagnetic waves and emits electromagnetic waves that are essentially
propagated along the longitudinal axis of the reference container 4 toward the
float 1. The reference container 4 acts as a waveguide for the electromagnetic
waves. The part of the float 1 that extends out of the medium 3 and is oriented
essentially perpendicular to the longitudinal axis of the reference container 4
regardless of tilting, is a reflector 20 for the waves emitted by the fill level

measuring device 5, 6.

The necessary circumferential gap between the float 1 and the walls of the
reference container 4 has undesired characteristics, it favors the creation of
interfering reflections, which are detrimental to precise measurement of the
fill level. Additionally, due to the unavoidable and unforeseeable tilting of the
float 1 in the reference container 4, imbalances are created in the gap
mentioned, which also disadvantageously influence the reflected
electromagnetic waves. In Figs. 2 to S5, schematically represented
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embodiments of the float 1 according to the invention, the reflecting
characteristics are significantly improved in comparison with the prior art
shown 1n Fig. 1, due to field transformation. |

The embodiment of the float 1 according to the invention shown in Fig. 2a, 2b
and 3a consist of cylinder-shaped floating bodies 7, in which the edges present
in an ideal cylinder are, however, blunt. The floating body 7 is adapted to the
inner diameter of the reference container 4, with the exception of the
necessary gap. A field attenuating structure 8 is connected to the part of the
floating body 7 extending out of the medium 3. Here, the floating body 7 1s
designed like a float known from the prior art, which 1s equipped with a
magnet system not shown here. For this reason, the float 1 according to the
invention can be equipped with an existing magnet system, through which 1t 1s
compatible with existing fill level measuring systems that display the fill
level, for example using magnet tlaps or a display magnet. |

The field attenuating structure 8 consists of discs 9, 10, 11, 12 concentric to
the longitudinal axis of the floating body 7 with a sequence in view of the fill
level measuring device 5 of one disc 9 with a large diameter, one disc 10 with
a small diameter, one disc 11 with a large diameter and one disc 12 with a
small diameter, 1.e. of two discs 10, 12 with small diameters and two discs 9,
11 with large diameters. The diameter of the large discs 9, 11 is substantially
greater than the small discs 10, 12. The thickness of each of the discs 9 — 12 is

essentially a quarter of the wavelength of the electromagnetic wave used, 1n
other embodiments not shown here, the thickness of each disc is essentially an

odd multiple of a quarter of the wavelength of the electromagnetic wave used.

The discs 9 — 12, together with the part of the surface of the floating body 7,
that is largely parallel to the level surfaces of the discs 9 — 12 form a A/4 filter.
In an alternative — however, not shown here — design, the thickness of the disc
12 is essentially greater than a quarter of the wavelength, through which only
the discs 9 — 11 form a A/4 filter. The level surface of the large disc 9, which
is located nearest the fill level measuring device 5, 6, forms the retlector 20
for the electromagnetic waves emitted from the transmitter of the fill level
measuring device. In Fig. 2b, the float 1 is tilted in the reference container 4.
The diameters of the discs 9 — 12 are chosen so that none of the discs 9 — 12
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can come Into contact with the reference container 4. Due to the field
attenuating structure 8, the reflecting characteristics of the float 1 according to
the invention are better than floats according to the prior art, in the tilted state
as well as 1n the non-tiited state, notably, the reflecting characteristics of the
float 1 according to the invention are practically unvaryingly good in the tilted
state as well as in the non-tilted state. Due to the design of the field
attenuating structure 8 as a A/4 filter, a large portion of the radiated output is
retlected again, the part of the reflected electromagnetic radiation is, in
relation to the overall radiated energy, much greater than in the case of the
design of the field attenuating structure as a pure damping structure. In the
latter, the signal to noise ratio i1s improved, but the actual desired signal is not
increased. -

In the embodiment shown in Fig. 3b, a floating body 7 with a round cross
section 1s guided through the walls of a reference container 4 with a
rectangular cross section, the geometry of the discs 9, 10 of the field
attenuating structure 8 perpendicular to the longitudinal axis of the reference
container 4 are also rectangular.

In the embodiment shown in Fig. 4, the level surface of the floating body 7
closest to the fill level measuring device 5, 6 is a part of the field attenuating
structure 8 and the edge of the surface is not blunt, through which the
damping characteristics are changed. The field attenuating structure 8 attached
to the floating body 7 consists, as opposed to the embodiments shown in Fig.
2a, 2b, and 3a, of three discs 10, 12, 14 with small diameters and three discs 9,
11, 13 with large diameters. Each of the small discs 10, 12, 14 is surrounded
by a ring 15, 16, 17 of another dielectric material, whose outer diameter
corresponds essentially to the diameter of the large discs 9, 11, 13. The disc 9
with a large diameter that 1s closest to the fill level measuring device 5, 6 1s
curved and the entire attached field attenuating structure 8 is encased in a

dielectric material 18.

In the final embodiment shown in Fig. 5, the float 1 consists of a field
attenuating device 8 that simultaneously also takes over the function of the
floating body 7. The field attenuating device 8 1s encased on the side with a
dielectric material 18.
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CLAIMS:

1. Float for displaying the fill level of a medium in a container, wherein the float,
in the intended use, is guided from the wall of the container and is suitable for reflect-
ing electromagnetic waves emitted from a transmitter toward a receiver, wherein at
least the side of the float facing the transmitter is designed as a reflector for reflecting
electromagnetic waves to the receiver and that a field attenuation structure 1s designed
behind the reflector from the perspective of the transmitter in such a manner that the

electromagnetic wave interacting with the field attenuation structure 1s attenuated.

2. The float according to claim 1, wherein the electromagnetic wave interacting

with the field attenuation structure is damped in the direction toward the receiver.

3. The float according to claim 1 or 2, wherein the upper surface of the reflector 1s
flat.

4. The float according to claim 1 or 2, wherein the upper surface of the retlector 1s
curved.

. The float according to any one of claims 1 to 4, wherein the field attenuation

structure is implemented as a M4 filter.

6. The float according to any one of claims 1 to 5, wherein the field attenuation

structure consists of large discs and small discs arranged alternately one after the other.
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7. 'The float according to claim 6, wherein the large discs and the small discs are
arranged coaxially.
8. The float according to claim 6 or 7, wherein, in the intended use, the large discs

and the small discs of the field attenuation structure are oriented in the direction of

propagation of the electromagnetic waves emitted from the transmitter to the float.

9. The float according to any one of claims 6 to 8, wherein the large discs and the

small discs have a thickness of an uneven multiple of a quarter of the wavelength of

the electromagnetic radiation emitted from the transmitter.

10.  The float according to any one of claims 6 to 9, wherein the lateral expansion of

the large discs and the small discs is adapted to the cross section ot the container.

1. The float according to any one of claims 1 to 10, wherein the tloat has a lifting
body followed by the field attenuation structure and the lifting body and the field at-
tenuation structure has dimensions chosen so that when the float 1s tilted in the con-
tainer, the lifting body contacts the wall of the container, but the field attenuation

structure does not contact the wall of the container.

12.  The float according to any one of claims 1 to 10, wherein the retlector and the
field attenuation structure also take on the function of a lifting body and the field at-

tenuation structure is surrounded by a dielectric material at least at the contact points

with the wall of the container.
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13.  The float according to any one of claims 6 to 8, wherein at least one of the

small discs is surrounded by at least one ring of at least one dielectric material.

14. The float according to any one of claims 1 to 13, wherein the retlector and the

field attenuation structure are surrounded by a dielectric material.



2012-03-29

CA 02772834

115

5,0

- |

| meamaseml i brr—— ’

“‘.‘.I"li‘.l‘llii..tl'ilj
( L/ Y el

IN v
] | |
L1 tHinN
(NNt
t.‘ . A
A SRR

4

L e e (e . T L

N

( L L L 2. L L L L L. L 2 L ZI1L L Z Z L 2

S
-

<
!
S

NN N N L

Fig. 1

PRIOR ART



2012-03-29

CA 02772834

e

u ¢
NN ___1

- - al / <
b Y e < 21.

AR SN Q_!'va NuLRtRna.
|

|
O - |
|

)
1 1|

“
NN N N N N N N NN NSNS N N N N N NS NN S N NN N NN N NSNS NN
N —

o0

215
20

Fig. 2b

Fig.2a



CA 02772834

2012-03-29

3/5

2,4

10—

T T 7T T 7777

@

N\
:
’
i

I”IIIIII'

Fig. 3b

20



CA 02772834 2012-03-29

4/5

20

o0
<«

L0
-

Sz X 7T 7 T T T AL

XXX

\ 9&»‘9
AN

10

O
——

11

12

>

AN\ NNZ

24

:

13-

//
ZONN %

QA A W ANV, S AT

14—

Fig. 4



2012-03-29

CA 02772834

5/5

CO
7...

L0 (o
- mm A 8P ﬂ”
|

4
o

20

oSN NN SN N N NN N NN N A N N NS A NN SN

(NN DU VDN 2 N IO BN NN AN O A N
RABENNZZ A&&A
.,V'r HITANNZZZZ AN S ANN

(VL AL LN L LN LA
AN, VU (N NERDK NS NUUUD NN T N A W

9
10—
12

13

14
19

11

Fig. 5



20

AN N NN IN N

//////J7/77//

=

g

L

///74
|

SONOSAINSINOANSNANNTN
N\ d

T LTLTLEEEE
NSNS NN ._/...// NN NN

.

I S R

\V
0




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - abstract drawing

