(19 DANMARK (10 DK/EP 3645984 T3

(12) Overseettelse af
europaeisk patentskrift

Patent- og
Varemeaerkestyrelsen

(51) Int.Cl.: G01G 3/12(2006.01) B 65F 3/00 (2006.01) GO01G 19/12 (2006.01)
GO1L 1/14(2006.01)

(45) Overseettelsen bekendtgjort den: 2022-09-26

(80) Dato for Den Europaeiske Patentmyndigheds
bekendtgerelse om meddelelse af patentet: 2022-06-29

(86) Europaeisk ansggning nr.: 18823774.7

(86) Europaeisk indleveringsdag: 2018-06-13

(87) Den europeaeiske ansggnings publiceringsdag: 2020-05-06
(86) International ansggning nr.: SE2018050613

(87) Internationalt publikationsnr.: WO2019004898

(30) Prioritet: 2017-06-27 SE 1750821

(84) Designerede stater: AL AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT LI LT LU LV
MC MK MT NL NO PL PT RO RS SE SI SK SM TR

(73) Patenthaver: Daprox Ab, Jdgerhorns vag 19, 141 75 Kungens Kurva, Sverige

(72) Opfinder: HEMLEN, Mikael, Visirvigen 6, Lgh 1202, 141 74 Segeltorp, Sverige
AKERBLOM, Bengt, Varby Allé 23, 143 40 Varby, Sverige

(74) Fuldmaegtig i Danmark: Zacco Denmark A/S, Arne Jacobsens Allé 15, 2300 Kgbenhavn S, Danmark
(54) Benasvnelse: Vejeindretning

(56) Fremdragne publikationer:
EP-A2- 0 322 193
EP-A2- 1 288 636
GB-A- 2 350 688
US-A- 3 371 526
US-A- 4 438 823
US-A- 4 750 082
US-A-5 119894
US-A- 5 837 945
US-A1- 2003 000 746
US-A1- 2004 089 068
US-A1- 2004 149 050
US-A1- 2006 161 386



DK/EP 3645984 T3



DK/EP 3645984 T3

DESCRIPTION

TECHNICAL FIELD

[0001] The present invention relates to a weighing device.

[0002] The present invention concerns the industry providing and/or producing weighing
devices for the weighing of e.g. refuse bins or other objects to be weighed. It may also concern
weighing devices configured to be mounted on trucks, lorries, refuse collection vehicles etc. It
may also concern the vehicle producer per se.

BACKGROUND

[0003] There is a desire to provide an efficient, robust and accurate weighing device.
[0004] There is a desire to develop current weighing devices, which exist in the technical field.

[0005] Current technology as published uses weighing devices that are designed with specific
technical features for weighing an object, but they still involve inaccuracy and are not regarded
as robust when taking into account the rough environment that they are exposed to.

SUMMARY OF THE INVENTION

[0006] Prior art disclosed in WO 93/17308 reveals a load cell for mobile weighing of an article.
The load cell comprises strain gauges. US 20040149050A1 describes a load cell with a force
transducer for recording weight and with a deformable part defining a spacing which changes
under loading. An inductively operating transducer is arranged at the spacing for detecting
changes in the spacing as an electrical signal. The inductively operating transducer operates
on the principle of inductance change due to the change in electrical inductance. The
electronic sensor operates on the eddy current principle and has a ferrit open core and sensor
coil open for passing through of magnetic fields for measuring change in inductance.

[0007] Other load cells are also used for weighing of an article, especially a refuse bin, wherein
the load cell uses electrical strain gauges for measuring the weight of the article. In most cases
the orientation of each electrical strain gauge is significant and the electrical strain gauges are
attached to the substrate with a specific type of glue. However, there may be a problem with
buckling and breaking the electrical strain gauge, especially as refuse bin weighing to a refuse
collection vehicle or lorry often being vulnerable to rough environment and handling.

[0008] An object of the present invention is to provide a weighing device with reliability and
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accuracy in functionality and cost-effective production and operation.

[0009] This has in different embodiments been achieved by means of a weighing device
having a first portion configured to be mounted on a platform and having a second portion
configured to be coupled to an object to be weighed, which object is affected by gravity in a
first direction during use of the weighing device, the weighing device comprises; a first section
extending from the first portion to the second portion in a second direction; a second section
extending from the first portion to a free end; an inductive distance measuring sensor
comprising a magnetically conductive core having a first end surface; the inductive distance
measuring sensor is mounted to the first section, wherein the first end surface of the
magnetically conductive core faces a second section plane of the second section, or is
mounted to the second section, wherein the first end surface of the magnetically conductive
core faces a first section plane of the first section; the first section being flexible and the
second section being rigid; a gap is provided between the first end surface of the magnetically
conductive core and the second section plane or between the first end surface of the
magnetically conductive core and the first section plane; the gap exhibits a width which is
variable in said first direction and which corresponds with a distance to be measured by the
inductive distance measuring sensor.

[0010] Suitably, a converting unit is coupled to the inductive distance measuring sensor and is
configured to convert the measured distance to mass and weight of the object to be weighed.

[0011] Thereby is achieved a robust and exact weighing device due to the fact that the flux
paths emanating from the magnetically conductive core is stable and unaffected by rough
handling and harsh environment. Independent claim 1 specifies, according to the invention,
that the inductive distance measuring sensor measures the reluctance by means of DC
magnetic fields.

[0012] Suitably, the first section is formed as an elongated bar.

[0013] Preferably, the weighing device is formed as an elongated body (integral element)
having an elongated U-shaped cavity being formed of a lower side wall (first section) and an
upper side wall (third section) and a short side (second portion) joining the lower side wall and
the upper side wall. The lower side wall and the upper side wall each extends from a base
portion (first portion) of the elongated body toward the short side. A central portion (second
portion) having a free end extends from the base portion in a direction toward the short side
having its free end facing the short side. Suitably, the elongated body extends in the second
direction.

[0014] Preferably, the weighing device is U-shaped.
[0015] Preferably, the first section and the second section form an integral element.

[0016] Suitably, the first section is made of magnetically conductive material within the area of
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the first section plane, wherein the first end surface of the magnetically conductive core faces
the first section plane of the first section.

[0017] Preferably, the second section is made magnetically conductive within the area of the
second section plane, wherein the first end surface of the magnetically conductive core faces
the second section plane of the second section.

[0018] Preferably, the direction of the prolongation of the magnetically conductive core
corresponds with the first direction.

[0019] Preferably, the inductive distance measuring sensor and electronic circuits for
measuring the object are fully or in part encompassed within the integral element.

[0020] Suitably, the integral element comprises stainless steel, According to the invention, the
inductive distance measuring sensor is configured to function according to the reluctance
principle.

[0021] Preferably, the inductive distance measuring sensor comprises a magnetic field
measuring unit configured to regulate an electrical current to a first coil of the magnetically
conductive core for maintaining the magnetic field to zero and configured to generate an
electrical output signal being representative of the distance to be measured.

[0022] Suitably, the first coil is positioned between the first section plane (alternatively the
second section plane) and the second coil.

[0023] Preferably, the magnetic field measuring unit comprises a magneto resistive sensor.

[0024] Suitably, the first coil is positioned around the magnetically conductive core and near
the first end surface of the magnetically conductive core.

[0025] Preferably, a second coil of the magnetically conductive core is coupled to the magnetic
field measuring unit for feeding a reference current to the second coil.

[0026] Suitably, a first coil of the magnetically conductive core is coupled to the magnetic field
measuring unit for regulating current to the first coil.

[0027] Preferably, a third section extends from the first portion to the second portion in the
second direction, the first and third section being arranged adjacent the inductive distance
measuring sensor.

[0028] Suitably, the inductive distance measuring sensor is formed elongated (and extends
from a first end corresponding with the first end surface to an opposite second end of the
inductive distance measuring sensor) and extends in the first direction and the first and third
section each being formed elongated extending in the second direction.
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[0029] In such way is achieved a gap between the first section plane of the first section and the
first end surface of the magnetically conductive core at the same time as the opposite second
end of the inductive distance measuring sensor will function as a stop member stopping the
third section and thereby the integral element to deflect over a certain degree thus avoiding
fraction of the integral element.

[0030] Suitably, the first direction is perpendicular or approximately perpendicular to the
second direction.

[0031] Preferably, the platform is a refuse collection vehicle or lorry or other object and the
element comprises a refuse bin or loading device or other object to be weighed.

[0032] Preferably, the magnetically conductive core is of a material highly magnetically
conductive.

[0033] Suitably, the magnetically conductive core is positioned within a cylinder.

[0034] Preferably, the magnetically conductive core and the cylinder are interconnected at a
bottom section of the cylinder.

[0035] Suitably, the first and second coil being disposed about the magnetically conductive
core.

[0036] Preferably, the first coil is coupled to a first current generator and the second coil is
coupled to a second current generator.

[0037] Suitably, a magnetic field measuring unit for measuring DC magnetic fields is disposed
between the first and second coil.

[0038] Preferably, the magnetic field measuring unit is configured to detect the magnetic flux
between the first and second coil.

[0039] Suitably, the magnetic field measuring unit is coupled to the first current generator via a
zero detector.

[0040] Preferably, the zero detector is configured to response to the detection of the magnetic
flux between the first and second coil for adjusting the current flow through the first coil until no
magnetic flux is detected between the first and second coil.

[0041] Suitably, the first and second coil are caused to work in opposite directions in a
balanced manner resulting in that the resulting magnetic flux through the magnetic field
measuring unit all the time is kept equal to zero.
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[0042] According to the invention, when the width of the gap changes due to deflection of the
first section, also the reluctance fed from the first coil will change, wherein a magnetic flux is
generated through the magnetic field measuring unit.

[0043] Suitably, the magnetic field measuring unit comprises a magneto resistive sensor.
[0044] Preferably, a reference indicator is coupled to the second current generator.

[0045] Suitably, a measuring instrument is coupled to the respective first and second current
generator.

[0046] According to the invention, the magnetic field measuring unit reacts to the magnetic flux
and directs, via the zero detector, the first current generator which changes it's current to the
first coil so that the resulting magnetic flux through the magnetic field measuring unit again
becomes equal to zero.

[0047] Suitably, an output signal is obtained by measuring the difference between the currents
supplied to the first coil and the second coil respectively and is fed to a converting unit coupled
to the inductive distance measuring sensor for converting the measured distance to mass and
weight of the object being weighed.

[0048] Preferably, the measuring instrument is configured to measure the difference in current
flow from the respective first and second current generator for providing an output signal.

[0049] Suitably, the converting unit, coupled to the inductive distance measuring sensor, is also
configured to compensate the indicated weight in regard to actual moments affecting the object
to be weighed. Preferably, the first section is configured to be flexible so that the load of the
object to be weighed will deflect the first section, whereas the distance of the width defining the
gap - between the first end surface of the magnetically conductive core and the first section
plane of the first section - will increase in said first direction. The distance is detectable by the
inductive distance measuring sensor. A converting unit is coupled to the inductive distance
measuring sensor for converting said distance to a mass measure.

[0050] Suitably, the object affected by gravity will thus cause a bending moment to the first
section and/or a second section and/or a third section.

[0051] Preferably, the width of the gap will vary in dependency of the magnitude of the bending
moment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0052] The present invention will now be described by way of examples with references to the
accompanying schematic drawings, of which:
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Fig. 1 illustrates a refuse collection vehicle using a weighing device according to a first
example;

Fig. 2 illustrates a weighing device according to a second example;
Figs. 3a-3b illustrate a weighing device according to a third example;
Fig. 4 illustrates a weighing device according to a fourth example; and

Fig. 5 illustrates a weighing device according to a fifth example.

DETAILED DESCRIPTION

[0053] Hereinafter, exemplary embodiments of the present invention will be described with
reference to the accompanying drawings, wherein for the sake of clarity and understanding of
the invention some details of no importance may be deleted from the drawings.

[0054] Fig. 1 illustrates a refuse collection vehicle SOP using a weighing device 1 according to
a first example. A refuse bin 2 is hanged to a lift arm 4 of the refuse collection vehicle SOP.
The weighing device 1 is mounted to the lift arm 4 and is positioned between the refuse bin 2
and the lift arm 4.

[0055] When an operator (not shown) hangs the refuse bin 2 to the lift arm 4, the weighing
device 1 will weigh the refuse bin 2 and data regarding the weight of the collected refuse for
each individual refuse bin is fed to a central register data base (not shown).

[0056] Fig. 2 illustrates a weighing device 1 according to a second example. The weighing
device 1 comprises a first portion 3 configured to be mounted on a platform 5 (such as a
refuse collection vehicle) and comprises a second portion 7 configured to be coupled to an
object 9 (such as a refuse bin) to be weighed. The object 9 is affected by gravity G in a first
direction R1 during use of the weighing device 1. A first section S1 extends from the first
portion 3 to the second portion 7 in a second direction R2.

[0057] A second section S2 extends from the first portion 3 to a free end E. An inductive
distance measuring sensor 11 is mounted to the first section S1 and comprises a magnetically
conductive core 13 having a first end surface 15. The first end surface 15 of the magnetically
conductive core 13 faces a second section plane SP2 of the second section S2. The second
section S2 is made magnetic within the area of the second section plane SP2. The first section
S1 is flexible and the second section S2 being rigid.

[0058] The object 9 affected by gravity G will thus cause a bending moment M to the first
section S1. A gap g is provided between the first end surface 15 of the magnetically conductive
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core 13 and the second section plane SP2. The gap g exhibits a width which is variable in said
first direction R1 and which corresponds with a distance to be measured by the inductive
distance measuring sensor 11. The width of the gap g will vary in dependency of the
magnitude of the bending moment M. The inductive distance measuring sensor 11 comprises
a magnetic field measuring unit (not shown) configured to regulate an electrical current to a
first coil (not shown) of the magnetically conductive core 13 for maintaining the magnetic field
to zero and configured to generate an electrical output signal being representative of said
distance to be measured.

[0059] Figs. 3a-3b illustrate a weighing device according to a third example. Fig. 3a shows a
weighing device 1 having a first section S1 and a second section S2. An inductive distance
measuring sensor 11 is mounted to the second section S2 and comprises a magnetically
conductive core 13 having a first end surface 15. The first end surface 15 of the magnetically
conductive core 13 faces a first section plane SP1 of the first section S1. The first section S1 is
made magnetic within the area of the first section plane SP1. The weighing device 1 comprises
a first portion 3 configured to be mounted on a platform 5 (such as a refuse collection vehicle)
and comprises a second portion 7 configured to be coupled to an object 9 (such as a refuse
bin) to be weighed. The object 9 is affected by gravity G in a first direction R1 during use of the
weighing device 1. The first and second sections S1, S2 are formed as elongated bars. Fig. 3b
shows the inductive distance measuring sensor 11 in detail. The inductive distance measuring
sensor 11 comprises a magnetic field measuring unit 21 configured to regulate an electrical
current to a first coil C1 of the magnetically conductive core 13 for maintaining the magnetic
field to zero and configured to generate an electrical output signal 22 being representative of
the distance d to be measured. A converting unit 24 is coupled to the inductive distance
measuring sensor 11 for converting said distance d to a mass and present weight of the refuse
bin. The magnetic field measuring unit 21 comprises a magneto resistive sensor 23. The first
coil C1 is positioned between the first section plane SP1 and a second coil C2. The inductive
distance measuring sensor 11 is configured to function according to the reluctance principle.
The second coil C2 of the magnetically conductive core 13 is coupled to the magnetic field
measuring unit 21 for feeding a reference current to the second coil C2.

[0060] Fig. 4 illustrates a weighing device 1 according to a fourth example. The weighing
device 1 is formed as an elongated body 31 (integral element) having an elongated U-shaped
cavity 33 being formed of a lower side wall 35 (first section) and an upper side wall 37 (third
section) and a short side 39 (second portion) joining the lower side wall 35 and the upper side
wall 37. The lower side wall 35 and the upper side wall 37 each extends from a base portion 41
(first portion) of the elongated body 31 toward the short side 39. A central portion 43 (second
portion) having a free end E extends from the base portion 41 in a direction toward the short
side 39, wherein the free end E faces the short side 39. An inductive distance measuring
sensor 11 is mounted to the central portion 43, wherein a first end surface 15 of a magnetically
conductive core 13 of the inductive distance measuring sensor 11 faces a first section plane
SP1 of the lower side wall 35.

[0061] The lower side wall 35 and the upper side wall 37 are configured to be flexible so that
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the load of the object to be weighed (coupled to the short side 39) will deflect the lower side
wall 35 and the upper side wall 37, whereas the distance of the width defining the gap g
between the first end surface 15 of the magnetically conductive core 13 and the first section
plane SP1 will increase in said first direction R1. The distance (or width) of the gap g is
detectable by the inductive distance measuring sensor 11. A converting unit (not shown) is
coupled to the inductive distance measuring sensor 11 for converting the distance to a mass
and weight of the object 9 to be weighed.

[0062] Fig. 5 shows a weighing device 1 with a circuit layout. A first portion 3 is configured to
be mounted on a platform (not shown) and a second portion 7 is configured to be coupled to
an object 9 to be weighed. The object 9 is affected by gravity in a first direction R1 during use
of the weighing device 1. A first section S1 extends from the first portion 3 to the second
portion 7 in a second direction R2. The first direction R1 is perpendicular or approximately
perpendicular to the second direction R2. A second section S2 extends from the first portion 3
to a free end E. A third section S3 extends parallel with the first section S1 and ends at the
second portion 7. The weighing device 1 further comprises an inductive distance measuring
sensor 11 comprising a magnetically conductive core 13 having a first end surface 15.
Preferably, the direction of the prolongation of the magnetically conductive core corresponds
with the first direction R1. The magnetically conductive core 13 is of a material highly
permeable to magnetic action. The magnetically conductive core 13 is positioned within a
cylinder 16, which also is made of highly permeable material. The magnetically conductive core
13 and the cylinder 16 are interconnected at a bottom section 18 of the cylinder 16. A first C1
and second coil C2 being disposed about the magnetically conductive core 13. The first coil C1
is coupled to a first current generator 51 and the second coil C2 is coupled to a second current
generator 53. A magnetic field measuring unit 55 for measuring DC magnetic fields is disposed
between the first C1 and second coil C2. The magnetic field measuring unit 55 is coupled to
the first current generator 51 via a zero detector 57. Areference indicator 59 is coupled to the
second current generator 53. A measuring instrument 61 is coupled to the respective first 51
and second 53 current generator. The first C1 and second C2 coil are caused to work in
opposite directions in a balanced manner resulting in that the resulting magnetic flux through
the magnetic field measuring unit 55 all the time is kept equal to zero. A gap g is provided
between the first end surface 15 of the magnetically conductive core 13 and a first section
plane SP1 of the first section S1. The first section S1 is made magnetic within the area of the
first section plane SP1 by the arrangement of a permanent magnet 56. The gap g exhibits a
width which is variable in said first direction R1 and which corresponds with a distance to be
measured by the inductive distance measuring sensor 11. When the width of the gap ¢
changes due to deflection of the first section S1 (and in this case also by the deflection of the
third section S3), also the reluctance fed from the first coil C1 will change, wherein a magnetic
flux is generated through the magnetic field measuring unit 55. The magnetic field measuring
unit 55 reacts to the magnetic flux and directs, via the zero detector 57, the first current
generator 51 which in turn changes its current to the first coil C1 so that the resulting magnetic
flux through the magnetic field measuring unit 55 again becomes equal to zero. An output
signal (not shown) is obtained by measuring the difference between the currents supplied to
the first coil C1 and the second coil C2 respectively and is fed to a converting unit 63 coupled
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to the inductive distance measuring sensor 11 for converting the measured distance to a mass
and weight of the object 9 to be weighed.
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Patentkrav

1. Vejeindretning (1) med en farste del (3), der er konfigureret til at blive mon-
teret pa en platform (5), og med en anden del (7), der er konfigureret til at blive
koblet til en genstand (9), der skal vejes, hvilken genstand (9) er pavirket af
tyngdekraften (G) i en ferste retning (R1) under brug af vejeindretningen (1),
hvor vejeindretningen (1) omfatter;

- en farste sektion (S1), der straekker sig fra den ferste del (3) til den anden
del (7) i en anden retning (R2);

- en anden sektion (S2), der straekker sig fra den farste del (3) til en fri ende
(E);

- en induktiv afstandsmalesensor (11), der omfatter en magnetisk ledende
kerne (13) med en ferste endeflade (15);

- hvor den induktive afstandsmalesensor (11) er monteret pa den farste sek-
tion (S1), hvor den ferste endeflade (15) af den magnetisk ledende kerne (13)
vender mod et andet sektionsplan (SP2) af den anden sektion (S2) eller er
monteret pa den anden sektion (S2), hvor den ferste endeflade (15) af den
magnetisk ledende kerne (13) vender mod et farste sektionsplan (SP1) af den
ferste sektion (S1);

- hvor den farste sektion (S1) er fleksibel, og den anden sektion (S2) er stiv;

- hvor der er tilvejebragt et mellemrum (g) mellem den farste endeflade (15) af
den magnetisk ledende kerne (13) og det andet sektionsplan (SP2) eller mel-
lem den ferste endeflade (15) af den magnetisk ledende kerne (13) og det
ferste sektionsplan (SP1);

- hvor mellemrummet (g) udviser en bredde, som er variabel i den farste ret-
ning (R1), og som svarer til en afstand (d), der skal males af den induktive
afstandsmalersensor (11); kendetegnet ved, at

- hvor den induktive afstandsmalesensor (11) omfatter en magnetfeltmaleen-
hed (21), der er konfigureret til at regulere en elektrisk stram til en farste spole

(C1) af den magnetisk ledende kerne (13) for at holde et magnetfelt pa nul og
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konfigureret til at generere et elektrisk udgangssignal, der er repraesentativt for
den afstand (d), der skal méales;

- hvor den induktive afstandsmalesensor (11) maler reluktansen ved hjeelp af
jeevnstremsmagnetfelter; hvor den induktive afstandsmalesensor (11) er kon-
figureret til at fungere i overensstemmelse med reluktansprincippet; og hvor
nar bredden af mellemrummet (g) eendres pa grund af afbgjning af den ferste
sektion (S1), vil reluktansen, der tilferes fra den ferste spole, ogsa esendre sig,

hvor en magnetisk flux genereres gennem magnetfeltsmaleenheden.

2. Vejeindretning (1) ifelge krav 1, hvor den ferste sektion (S1) er udformet

som en aflang stang.

3. Vejeindretning (1) ifelge krav 1 eller 2, hvor den farste sektion (S1) og den

anden sektion (S2) danner et integreret element.

4. \ejeindretning (1) ifelge et hvilket som helst af kravene 1 til 3, hvor den
forste sektion (S1) er fremstillet magnetisk inden for omradet af det ferste sek-

tionsplan (SP1).

5. Vejeindretning (1) ifelge et hvilket som helst af de foregaende krav, hvor en
anden spole (C2) af den magnetisk ledende kerne (13) er koblet til magnetfelt-

maleenheden (21, 55) for at fere en referencestrem til den anden spole (C2).

6. Vejeindretning (1) ifelge et hvilket som helst af de foregaende krav, hvor en
konverteringsenhed (24, 63) er koblet til den induktive afstandsmalesensor
(11) og er konfigureret til at konvertere den malte afstand (d) til masse og veegt

af genstanden (9), der skal vejes.

7. Vejeindretning (1) ifelge et hvilket som helst af de foregaende krav, hvor en
tredje sektion (37, S3) straekker sig fra den farste del (3) til den anden del (7)
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i den anden retning (R2), hvor den farste og tredje sektion (S1, S3) er anbragt

ved siden af den induktive afstandsmaler (11).

8. Vejeindretning (1) ifelge et hvilkket som helst af de foregaende
krav, hvor den farste retning (R1) er vinkelret pa eller tiineermelsesvis vinkelret

pa den anden retning (R2).

9. Vejeindretning (1) ifelge et hvilkket som helst af de foregaende
krav, hvor platformen (5) er et affaldsindsamlingskaretaj (SOP) eller lastbil el-
ler anden platform, og genstanden omfatter en affaldsspand (2) eller lzessean-

ordning eller anden genstand, der skal vejes.
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