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(57) Abrege/Abstract:

A dynamic scale to achieves a higher throughput, by at least one of a spring steel sheet being installed in the travel direction of the
first shaft of the first transport belt, and/or the control of the motors as well as the transmission of the sensor signals taking place via
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(57) Abrege(suite)/Abstract(continued):
ribbon cables which are arranged parallel to the transport belts, and/or an electronic evaluation of interference oscillations of the

sighals of the sensors of the welghing cell takes place, within at least one lowpass filter being used, and wherein at least two digital
notch filters are used.
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ABSTRACT OF THE DISCLOSURE

A dynamic scale to achieves a higher throughput, by at least one of a spring steel
sheet being installed in the travel direction of the first shaft of the first transport belt,
and/or the control of the motors as well as the transmission of the sensor signals taking
place via ribbon cables which are arranged parallel to the transport belts, and/or an
electronic evaluation of interference oscillations of the signals of the sensors of the
welghing cell takes place, within at least one lowpass filter being used, and wherein at

least two digital notch filters are used.
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SPECIFICATION

TITLE

DYNAMIC SCALE WITH MULTIPLE WEIGHING PANS

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention concerns a dynamic scale of the type having multiple

welghing pans.

Description of the Prior Art

Dynamic scales, 1n particular for the automatic processing of mail pieces (letters,

for example), are known from the prior art (see for example EP 974819 B1 and
EP 2520911 Al).

For practical operation of a dynamic scale according to EP974819, it has been
shown that the throughput of mail pieces — 1n particular mixed mail of the sizes DIN C6
to DIN B4 — is limited. In continuous operation, an average throughput of 50 mail pieces
per minute 1s achieved for mixed mail. This throughput cannot be further increased
without greater errors occurring. A central cause for the limitation of the throughput in
the dynamic scale according to EP 974819 are the large letter gaps: since only one mail
piece may ever be located on the scale during the weighing, large minimum letter gaps
result that limit the total throughput. Therefore, the object exists to significantly improve
the throughput of mail pieces given a dynamic scale according to EP 974819 without the
error rate being increased. It has been found that, via the inventive measures 1llustrated
in the following, the mail throughput may be increased up to 90 mail pieces per minute
given mail pieces having the length of the DIN C6 size or, respectively, up to 110 mail
pieces per minute given mail pieces DIN C6 in size, without additional errors occurring

in the weighing.

EP 2520911 Al describes a dynamic scale with a plurality of weighing units (in
particular two) with a respective weighing cell and with a weighing pan. Figure 4 of the
cited document shows as an example such an arrangement in which the two weighing

pans are formed by two transport belts that travel horizontally at the same level. A first
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frame for the first weighing plate and a second frame for the second weighing plate as

well as a respective adapter for introducing load into the respective associated weighing
cell are thercby apparent. According to this illustration, the mail piece to be weighed 1s
transported from left to right across the two transport belts and the associated weighing
pans. The transport of the mail good thereby takes place nearly orthogonal (angle of
approximately 110° relative to the floor plate) to the longitudinal edge. A corresponding
feed device is located upstream from the scale (meaning to the left in the depiction) in
terms of the mail flow. An individualization of the mail good is typically made 1n this
feed device, and said mail good is supplied to the scale. The actual franking of the mail
good (via a corresponding overprint) then occurs downstream (meaning to the right In
the illustration) 1n terms of the mail flow, for example, wherein the weight of the mail
good as determined by the scale, together with the external dimensions, leads to the
respective necessary franking. The two measurement cells associated with the two
weighing pans — respectively comprising a weighbar with a respective attached strain
gauge — are arranged vertically cascaded so that the weight of the mail good and the total
weight of the first weighing unit, and the weight of the second weighing pan, load the
weighing cell of the second weighing unit as a preload. The advantages of this
arrangement are explicitly described 1n the cited document, such that a reference to the
earlier prior art may inasmuch be made. It is likewise stated that this principle may also

be extended to more than two weighing units.

An additional dynamic scale 1s known from EP2017589 A2. In the embodiment
described there, however, the weighing devices are not arranged so as 10 be functionally

cascaded.

Given the dynamic scale according to EP2017589 A2, the second weighing pan is
likewise arranged after the first weighing pan, downstream in'terms of the mail flow.
Relative to the dynamic scale according to EP 2520911 Al, the dynamic scale according
to EP2017589 A2 has the disadvéntage that the second weighing cell 1s not yet loaded if
a weighed good advances to the first weighing pan. The second weighing cell may
thereby only later swing to the weight value of the weighed good, namely when said

weighed good advances to the second weighing pan.

The maximum structural length of the modules of the Centormail® franking

system known from the prior art 1s 550 mm. The structural length of the “dynamic

p
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scale” module according to the invention should be maintained without modification; in

spite of this, the throughput of weighed goods should be increased.

SUMMARY OF THE INVENTION

In accordance with the invention, a dynamic scale achieves a higher throughput
of items to be weighed by at least one of a spring steel sheet being installed in the travel
direction of the first shaft of the first transport belt, and/or control of the motors, as well
as transmission of sensor signals, taking place via ribbon cables that are arranged parallel
to the transport belts, and/or an electronic evaluation of interference oscillations of
signals from the sensors of the weighing cell taking place with at least one lowpass filter

being used, and at least two digital notch filters being used.

The present invention concerns a dynamic scale with two weighing units,
wherein each weighing unit is equipped with at least one weighing pan installed on a
frame and with a weighing cell (W1, W2) that is arranged on a weighbar (Wbl, Wb2),
wherein the respective weighing pan 1s situated on an upper level and the weighing cell
is arranged between the upper level and a lower level at a distance from the upper level
in the direction of gravity. The weighing cell (W2) of a second weighing unit is arranged
functionally cascaded relative to the weighing cell (W1) of a first weighing unit in the
direction of gravity, the second weighing unit being attached with 1ts lower plane to a
floor plate (B) of the dynamic scale (1) that 1s situated in an x/z reference plane of a
coordinate system, wherein a respective electronic measurement value processing unit
(EV1, EV2) 1s associated with the weighing cells (W1, W2). With at lcast one scnsor and
with a transport device for a transport of a weighed good standing on edge in a transport
direction z during the weighing in each weighing unit, wherein each transport device has

a transport belt, a motor (M1, M2) to drive the atforementioned transport device and an

encoder (El1, E2).

With a transmission of the control signals from a joint control unit (GST) to the
motors (M1, M2) and with a transmission of the output signals of the electronic
measurement value processing units (EV1, EV2) of the first weighing cells (W1, W2) to

the inputs of the joint control unit (GST).

The dynamic scale according to the invention has at least one of the following

features.
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(1) A spring stecl sheet (F) is installed on a first shaft or a stationary axle of a
deflection roller (4.1) of the first transport belt (3.11) running in the transport direction z
of the weighed good, which spring steel sheet (F) projects beyond the first shaft or the
stationary axle by a length (L) counter to the transport direction of the transport belt
(3.11), wherein the spring steel sheet is fashioned as a slide plate (3.12) on the length L

and is bent with a part (Fa) in the direction of gravity at the mail intake side.

(2) The transmission of the control signals to the first motor (M1) takes place via
a first and second ribbon cable (K1, K2) which has a thickness and a width, wherein the
width is greater than the thickness, wherein the surfaces on the broad side of the ribbon
cable are arranged parallel to the surfaces of the wei ghbars that are respectively provided
with a weighing cell, and whereir both the transmission of the output-side control signals
of the joint control unit (GST) to the second motor (M2) and the transmission of the
output signals of the electronic measurement value processing unit (EV1) of the first
weighing cell (W1) to the inputs of the joint control unit (GST) take place via the first
ribbon cable (K1).

(3) A third feature that is a combination of:

a) the two motors (M1, M2) provided for the propulsion of the transport
belts are of identical design and respectively have a motor shaft (8.1, 9.1) that is angled
towards the floor plate (B) in the x-direction, wherein the smallest distance of the motor
shafts (8.1, 9.1) from the floor plate (B) is smaller than or equal to the largest external

diameler of the motors (M1, M2),

b) the first weighing pan (arranged upstream in terms of the mail flow) is
installed on a first frame (T'1) and a second weighing pan (arranged in the transport
direction z) 1s installedbon a second frame (T2), and on the back side of each frame (T,
T2) a respective adapter (Ad1, Ad2) is provided that is installed on the associated frame
(T1, T2), wherein the second motor (M2) is arranged vertically (with a tolerance of less
than or equal to £ 10 mm) below the second adapter (Ad2) on the second frame (T2);
wherein the second frame (T2) rests on the one end of a support (Tr2); wherein the other
end of the support (Tr2) 1s installed at a load introduction point (La2) of the weighbar
(Wb2),
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C) the motors (M1, M2) are arranged symmetrically relative to the load
introduction point (La2) of the weighbar (Wb2), with a tolerance of less than or equal to

+ 10 mm, and

d) a gearbox (6.0,-7.0, 8.0, 9.0) installed on the frame (T1, T2) has toothed
belt wheels (4.3, 5.3, 6.0, 7.0, 8.3, 9.3), [sic] in that the toothed belt wheels run in the

same direction as the motors (M1, M?2) via a gearing conversion, and the motor speed is

~ chosen so that — below a maximum transport velocity Vmax — the parasitic oscillations

affect a measurement value determined from the signals of the weighing cells only in a

tolerance range of + 0.6 g.

A “weighing pan” in the context of the invention is formed of a transport device
and a guide wall to guide mail pieces standing on edge, which mail pieces are

transported in the transport direction z by a transport belt of the transport device.

1. Installation of a spring steel sheet on the first (in the travel direction of the
mail good) shaft of the first transport belt in the travel direction of the mail good), which
spring steel sheet protrudes beyond this counter to the travel direction of the transport
belt. The spring steel sheet mounted according to the invention extends the transport belt
(and thus the first weighing plate) mechanically, and thus enables the earlier weighing of
longer mail pieces. Moreover, the spring steel sheet 1s curved downward on the mail
mtake side. This can take place simply via a bending of the plate at the mail intake side,
for example at an angle of 40° downward; alternatively, a rounding of this region may
also be present. The installation of the spring steel sheet according to the invention not
only extends the weighing pan but rather also —via the bending or, respectively, rounding
of the mail intake side — also leads to a reduction of shocks that arise due to the
propulsion of the mail piece. In this way, oscillations of the first weighing pan are
markedly reduced, with the result of an increased weighing precision and increased letter
throughput since the settling time 1s shortened. The bending of the spring steel sheet
according to the invention should thereby be in a range from 30 — 50 degrees, preferably
40 degrees. Given a scale that 1s designed for normal (mixed) mail goods from DIN C6
— DIN B4, the end of the spring steel sheet at the mail intake side should be 3 - 5
(preferably 4) cm below the plane of the transport belt. The spring steel sheet is

preferably installed at the first shaft of the transport belt, as considered in the direction of
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mail travel. Alternatively, the spring steel sheet may also be installed on a first axis of

the transport belt in the direction of mail travel. (Figure 4).

2. The control of the motors as well as the transmission of the weight signals
from the sensors take place via a ribbon cable which is arranged parallel to the
weighbars. The weighbars, and the weight measurement that takes place with this via
strain gauges, have already been shown in the prior art (see EP2520911A1, Paragraphs
30 — 35). To transmit the sensor data as well as the motor control (drive and
measurement of the rotation speed), in the prior art a wireless transmission 1S proposed,
for example via infrared signals, via radio or inductive transmission (see EP 2520911A1,
Paragraphs 72 — 75). In the professional world there was therefore an obvious
preconception that such a transmission leads to measurement interference, for example to
the injection of interfering bending forces in the event that a cable were used for thss.
The use of ribbon cables according to the invention overcomes this bias: it can be shown
that no injection at all of error-increasing bending forces or oscillations takes place as
long as the ribbon cable has a diameter smaller than 0.3 mm and is arranged parallel to
the weighbar. The surface of the ribbon cable thereby runs parallel to the surface of the
welghbar that is provided with the strain gauges, which surface of the weighbar in turn

runs parallel to the floor plate.

3. Moreover, 1t has been shown that an electronic filtering of interfering
oscillations 1s advantageous given the operation of a dynamic scale according to
EP2520911. An analysis of the oscillations occurring upon operation of the scale shows
that there are a multitude of interferences, in particular interfering oscillations upon
operation of the dynamic scale. Additional sources of interference are the devices
adjoining the scale for the individualization and propulsion of the mail pieces, upstream
in the direction of the mail flow, as well as the franking downstream in terms of the mail
flow. Moreover, each arrangement has a certain eigenfrequency, wherein resonances
occur with the aforementioned other sources of oscillation. To overcome this problem,
according to the invention it 1s proposed to increase the eigenfrequency of the device in
that the arrangement of a first and second weighing unit has as small a mass as possible

given a simultaneously high rigidity.

Via the known correlation



10

15

20

25

CA 02894338 2015-06-16

:
|
3| q

the eigenfrequency is shifted to higher values by reducing the mass or,

respectively, increasing the rigidity.

According to the invention, this 1s achieved in particular by a design of the frame
and of the support that respectively have a plurality of clearances in order to reduce the
mass. At the same time, aluminum or an aluminum alloy with defined rigidity (for
example AlMg3 F28 with particularly suitable cold ductility and high tensile strength
(Rmca 280N/mm®*))is used as a predominant structural matenal in order to increase the
rigidity. Moreover, ribs are provided in order to damp oscillations. The entire
construction (including the stiffening ribs) 1s preferably riveted since this not only allows
a cost-effective manufacturing but also contributes to the oscillation damping via micro-

friction in the rivet joints.

Moreover, the motors are arranged as close as possible to the centers of gravity of
the respective weighbars in order to keep the interference as small as possible. For this,

in particular the two motors provided for propulsion of the transport belts are
a) arranged as close as possible to the base plate,

b) arranged optimally vertically below the adapters of the respective

assoclated weighing cells,

C) arranged optimally symmetrically relative to the point of the load

introduction into the weighing cell 2,
and

d) via gearing conversion, the motors run in the same direction and the

motor speed 1s as high as possible.

Overall, through the described measures a shift of the eigenfrequency results 1nto
a range that can be filtered out by a lowpass filter without additional measures, and thus
said eigenfrequency no longer interferes with the measurement. For example, a lowpass
filter is used that attenuates by at least 20 dB (preferably at least 30 dB) above

approximately 20 Hz (preferably already above 15 Hz). According to the invention, the

7
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cigenfrequency of the dynamic scale is above 25 Hz (for example between 30 and 50

Hz).

The aforementioned, intcrnally generated interference frequencies due to the
drives are in particular minimized via adaptation of the two motors and their gearings
and the gear ratio to the transport belts. The drive force that is respectively geared down
by a gearing is injected that of the two deflection roliers of the transport belt which 1s
situated closer to the device middle of the dynamic scale. Each gearing includes a
toothed belt wheel with toothed belts on the input side of the gearing; a double toothed
belt wheel which increases the torque given only a very small bearing friction loss; and a
toothed belt wheel with toothed belts at the output side of the gearing. It 1s hkewise

advantageous that all toothed belt wheels turn in the same direction.

For example, the torque Ma, output by the motor 1s increased by a factor of 1.6
(meaning that M ay = Map ® 1.6) and the motor speed na, 1S reduced by a factor of 1/1.6 =
0.6237 (meaning that nap, = 0.6227 * na,). Overall, the gear conversion ratio ig = ig.¢ / Is-4
= (37 « 26)/(25 * 24) = 1.6033 is chosen so that interfering oscillations only occur at
higher transport velocities than given the chosen desired transport velocity for the mail
pieces to be transported. The remaining interference oscillations are filtered out of the

weighing measurement signal electronically.

The gearing conversion was selected so that the motor speed at the predetermined
system velocity is as high as possible but still well below the system ei1genfrequency. On
the one hand, it is thereby achieved that the interfering forces and oscillations that are
impressed by the motor due to rotating masses arc markedly damped by the electronic
filter system (lowpass filter, only effective below a defined frequency), and thus lead
only to relatively small, negligible measurement errors. On the other hand, the internally
generated interference frequencies at the chosen motor speeds are markedly below the
system eigenfrequency, such that there are no resonance effects, and thus no undefined
interference forces and oscillations are impressed in the scale. Moreover, the noise
development is strongly reduced via the operation below the resonance frequency. Not
only are the interference forces impressed by the motors therefore markedly reduced, but
the possibility is also achieved to mask out the interfering, externally injected oscillations
via adapted notch filters, in particular digital notch filters. Such digital notch filters are

already noted in the prior art and need no further explanation at this point. For example,

8
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for the purpose according to the invention notch filters may be used that attenuate the
external interference oscillations (for example 9 Hz) and the first harmonic oscillation
(here corresponding to 18 Hz) associated with this by at least 60 dB, preferably at least
70 dB.

Overall, via this arrangement a minimization of the interferences is achieved so
that a maximum transport velocity of 700 mm/s may be achieved without noteworthy
interferences (1n particular resonances) occurring (see Figure 3), while in the device
according to EP 2520911A1 only a transport velocity of 400 mm/s could be achieved

since the interferences would be too great upon exceeding this velocity.

The weighing units necessary to execute this invention, each with a weighing cell
and a weighing pan, sensors, transport device, motors, encoders, control units and their
outputs and electrical connections, are already described in detail in the document EP
2520911A1 and therefore need no further explanation at this point. The same applies to

the functionally cascaded arrangement of the weighing units.

Naturally, the aforementioned measures 1 — 3 may be implemented individually
or in any arbitrary combination. According to the invention, the realization of all

measures in one apparatus is preferred.

In a preferred embodiment of the invention, shorter weighed goods (mail pieces
up to the length of the DIN C6 size) are weighed in the first weighing unit, while longer
mail pieces (longer than the length of the DIN C6 size) are weighed by the second
welghing unit. In this embodiment, a particularly short passage (and therefore a
particularly high letter transport) may be realized. It has been found that, via the
measures according to the invention, the mail throughput may be increased to up to 90
mail pieces per minute given mail pieces of the length of the DIN C6 size or,
respectively, up to 110 mail pieces per minute given mail pieces of the DIN C6 size,

without additional errors occurring in the weighing.

The further advantages of the invention result from Figures that, however, are to
be understood merely as examples, and that should not include any limitation. For a
further comprehension of the invention, reference is hereby additionally made to the

document EP 2520911 Al and its Figures.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 1s a perspective view of a dynamic scale according to the invention.

Figures 2 and 3 show the dynamic scale of Figure 1, in respective elevational

views from opposite sides.

Figure 4 shows the dynamic scale in accordance with the invention, with exterior

parts removed to show interior components.

Figure 5 1s a side view of certain drive components of the dynamic scale in

accordance with the invention.
Figure 6 shows the drive components of Figure 5, in a perspective view.

Figure 7 illustrates basic components of the scale according to the invention for

explaining the operation thereof.

Figure 8 shows the dynamic scale according to the invention, with components

mounted on the faceplate thereof, with the exterior housing removed.

Figure 9 1s a graph showing the measurement of interference forces dependent on

transport velocity in the dynamic scale according to the invention.

Figure 10 illustrates the installation of a spring steel sheet according to the

imnvention.

Figure 11 shows the application of filtering in accordance with the present

invention.

Figure 12 schematically illustrates perspective paths of ribbon cables in

accordance with the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figure 1 shows the fundamental design of the scale according to the invention in
a front view. The transport belt according to the invention is thereby occluded by the

Plexiglas plate (1.4).

10



Figures 2 and 3 show the side view. The inclination of the weighing pans is

clearly visible.

Figure 4 shows an open presentation of the scale according to the invention. The
drive devices of the transport belts are clearly recognizable. These are shown again in
5  detail in the following Figure 5. Clearly recognizable are the motor shafts of the motors
M1 and M2 and the toothed belts associated with these, which produce the propulsion of
the transport frame via a gearing. The weighing pan 1 with a length L1, the weighing
pan 2 with a length L2 and the spring steel sheet F with a length L are apparent. The
length L1 of the weighing plate 1 may thereby be 240 — 340 mm, preferably
10 approximately 331 mm. The length L2 of the weighing plate 2 may thereby be 150 —
180 mm, preferably approximately 161 mm. The length L of the spring steel sheet F

may thereby be 14 — 21 mm, preferably approximately 18 mm.

Figure 6 shows this arrangement again from a different perspective.

Figure 7 shows the fundamental design of the scale according to the invention. A

15  perspective depiction of the arrangement of the electrical and mechanical modules of the
dynamic scale is visible from the rear. In this depiction, the weighed good travels from

right to left (in the direction of the arrow). A plurality of clearances (A, only a few
examples are shown) in the basic construction comprised of frame and support, which
clearances reduce the mass according to the invention, are clearly apparent. The

20  clearances in the supports Trl and Tr2 are applied vertically, such that they are not

apparent from the depicted perspective.

The two drive motors M1 and M2 are located near the floor plate B. Clearly
apparent are the positioning of the motor 1 (M1), which is located nearly vertically
below the adapter 1Ad1 of the weighing cell 1, while the motor 2 (M2) 1s located nearly

25  vertically below the adapter 2ZAd2 of the weighing cell 2. Both motors are arranged

symmetrically in relation to the point of the load introduction into the weighing cell 2

(indicated by dashed lines).

Moreover, various stiffening elements (V) are apparent that have in turn been
attached with rivets (N); for better clarity, these are labeled with reference characters

30 only in part.

L1

CA 2894338 2018-03-21
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Figure 8 shows additional details of the device according to the invention from a

ditferent perspective, with particular depiction of the electrical modules. Here as well,
the transport direction of the weighed good travels from right to left (arrow). Visible in
particular here are the two ribbon cables that are arranged with the flat side parallel to the
weighing cells or, respectively, the floor plate. Clearly visible is the circuit board of the
weighing cell 2, which ensures the transfer of the electrical signals into a round cable.
Also well visible in this perspective are the rivet joints (N), the stiffening elements (V)

and the clearances (A).

Figure 9 shows the measurement result of a measurement of interference forces
depending on the transport velocity. For this, the transport velocity was increased step
by step from approximately 200 to approximately 800 mm/s. It is clearly apparent that
the measurement error hardly varies given a variation of the transport velocity from
approximately 200 to approximately 720 mm/s. As of approximately 740 mm/s, clearly
visible interferences occur that adulterate the result in such a way that it is no longer
acceptable for the purpose according to the invention. However, given a transport

velocity of 700 mm/s the weighing may take place with sufficient precision.

Figure 10 shows the spring steel sheet attached according to the invention. The
travel direction of the weighed good thereby occurs in the direction of the arrow (here
from left to right). The attachment to the first shaft (W) of the first transport belt is
clearly apparent. Likewise visible is the bent part of the spring steel sheet F,, which
shows a bend of approximately 40°. Moreover, it is apparent that an extension of the

weighing plate by the length L takes place via the spring steel sheet according to the

invention, which extension begins at the bend angle and ends with the shaft.

Figure 11 shows the application of the filter according to the invention. Clearly
apparent in this illustration are the stop bands of the two notch filters, here shown at

approximately 9 and approximately 18 Hz, for example. Moreover, the stop band of the
lowpass 1s apparent. Via the measures according to the invention which have been
explained in the preceding description, the eigenfrequency of the dynamic scale is shifted
in the stop band of the lowpass filter, such that the interferences are minimized in this
way. The maximum transport velocity Vmax = 700 mm/s has been determined

empirically.

12
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Figure 12 shows a schematic depiction of the cable runs within the dynamic
scale. A first round cable R1 electrically connects the first circuit board P1 with the first
motor M1 and the first encoder E1. The first circuit board P1 is installed on the first
frame T1. The first round cable R1 exiting from the first circuit board P1 serves for the
transmission of the control signals to the first motor M1 and a transmission of the
encoder signals from the first encoder E1 to the first circuit board P1. It is provided that

the adapter Ad1 of the first frame T1 rests at the load introduction point Lal of the first
weighbar Wbl.

A second round cable R2 electrically connects the second circuit board P2 with
the second motor M2 and the second encoder E2. The second circuit board P2 is
installed on the support Tr2. The second round cable R2 exiting from the second circuit
board P2 serves for the transmission of the control signals to the second motor M2 and a
transmission of the encoder signals from the second encoder E2 to the second circuit
board P2. It is provided that the adapter Ad2 of the second frame T2 rests at the one end
of the support Tr2, wherein the other end of the support Tr2 1s installed at a load
introduction point La2 of the first weighbar Wb2. '

A shielded round cable KWI11 travels from the first weighbar Wbl, which
shielded round cable KWI11 i1s connected with the input of the first electronic
measurement value processing unit EV1. The first electronic measurement value

processing unit EV1 and the second circutt board P2 are mechanically connected with

- the support - Tr2. ~A shielded round-cable- KW I2 travels from  the output of the first

electronic measurement value processing unit EV 1, which shielded round cable KW 12 is

electrically connected with the second circuit board P2.

A shielded round cable KW21 travels from the second weighbar Wb2, which
shielded round cable KW21 is connected with the input of the second electronic
measurement value processing unit EV2. The second electronic measurement value
processing unit EV2 and a cable clip KH are mechanically connected with the floor plate
B and are arranged in the region of the frame T1, preferably near the back side of the
dynamic scale and thereby opposite the frame T1. A shielded round cable KW22 travels
from the output of the second electronic measurement value processing unit EV2, which

shielded round cable KW?22 1s electrically connected with the input of the joint control

unit GST.

13
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Arranged between the second circuit board P2 and the cable clip KH 1s a first
ribbon cable K1 with the flat side parallel to the floor plate B, wherein both the
transmission of the output control signals of the joint control unit GST to the second
motor M2 and the transmission of the encoder signals from the second encoder E2 and
the transmission of the output signals of the electronic measurement value processing

unit EV1 to the inputs of the joint control unit GST take place via the first ribbon cable
Kl1.

Arranged between the first circuit board P1 and the second circuit board P2 is a
second ribbon cable K2 with the flat side parallel to the floor plate B. The first circuit
board P1 is mechanically connected with the first frame T1. The transmission of the
control signals to the first motor M1 and a transmission of the encoder signals from the
first encoder E1 take place via the second ribbon cable K2. The first circuit board Pl

thereby serves for the adaptation of the first round cable R1 to the second ribbon cable

K2.
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Reference list (Figures 1 — 6):

1.1

1.2

1.3

1.4

1.5

1.51

1.6

1.61

1.62

1.63

1.7

1.8

1.81

1.9

2.1,2.2

2.3,2.4

3.1

3.10

3.11

dynamic scale‘ |

housing taceplate on the front side of the dynamic scale

right side part of the housing, downstream in terms of the mail flow
left side part of the housing, upstream 1n terms of the mail flow
Plexiglas protective plate on the front side of the dynamic scale
left guide wall with sliding ribs, upstream in terms of the mail flow
window in the left guide wall

gulde wall with sliding ribs of the first weighing pan

a first window 1n the guide wall of the first weighing pan

a second window in the guide wall of the first weighing pan

a third window 1n the guide wall of the first weighing pan

guide wall with sliding ribs of the second weighing pan

right guide w=ll with sliding ribs, downstream in terms of the mail

flow
window in the right guide wall
floor plate of the dynamic scale

belt support for the transport device of the first weighing pan
belt support for the transport device of the second weighing pan
tirst weighing pan

transport device of the first weighing pan 3.1

transport belt of the transport device of the first weighing pan
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3.12

3.2

3.20

3.21

3.22

4.1, 4.2

4.10

4.20

4.3

L1

L2

5.1,5.2

3.10

5.20

5.3

6.0

6.1

CA 02894338 2015-06-16

sliding plate for the transport belt of the first weighing pan

second weighing pan

transport device of the second weighing pan 3.2

transport belt of the transport device of the second weighing pan
sliding plate for the transport belt of the second weighing pan

two deflection rollers of the transport device of the first weighing pan

a stationary rotation axle of the deflection roller 4.1 for the transport

belt 3.11

a drive shaft of the deflection roller 4.1 for the transport belt 3.11

a toothed belt wheel has 26 teeth and is positively coupled with
deflection roller 4.2 and drive shaft 4.20

length of the spring steel sheet (F)
length of the first weighing pan
length of the second weighing pan

two deflection rollers of the transport device 3.20 of the second

weighing pan 3.2
drive shaft of the deflection roller 5.1 for the transport belt 3.2

a stationary rotation axle of the deflection roller 5.2 for the transport

belt 3.2

a toothed belt wheel has 26 teeth and is positively coupled with
deflection roller 5.1 and drive shaft 5.10

a double toothed belt wheel of the gearing of the first motor M

a stationary rotation axle of the double toothed belt wheel 6.0
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6.2

6.3

0.4

7.0
7.1
7.2

7.3

7.4

3.0

8.1
8.2

3.3

9.0

9.1
9.2

9.3
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a toothed belt for the toothed belt wheels 4.3 and 6.3

a toothed belt wheel of the double toothéd belt wheel 6.0 at the output
of the gearing has 24 teeth and serves to drive the transport device

3.10 of the first weighing pan 3.1

a toothed belt wheel of the double toothed belt wheel 6.0 at the input
of the gearing has 37 teeth

a double toothed belt wheel of the gearing of the second motor M2
a stationary rotation axle of the double toothed belt wheel 7.0
a toothed belt for the toothed belt wheels 5.3 and 7.3,

a toothed belt wheel of the double toothed belt wheel 7.0 at the output
of the gearing has 24 teeth and serves to drive the transport device

3.20 of the second weighing pan 3.2

a toothed belt wheel of the double toothed belt wheel 7.0 at the input

of the gearing has 37 teeth

gearing of the first motor M1

a motor shaft of the first motor M |

a toothed belt for the toothed belt wheels 6.4 and 8.3

a toothed belt wheel at the motor shaft 8.1 of the first motor M1 has
25 teeth

gearing of the second motor M2

a motor shaft of the second motor M2

a toothed belt for the toothed belt wheels 7.3 and 9.3

a toothed belt wheel at the motor shaft 9.1 of the second motor M2 has
25 teeth
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belt support of the transport device of the first weighing pan
sliding plate

intersecting line

an encoding rotary disc for encoder El

an encoding rotary disc for encoder E2

twoO encoders

LLS1 — LLS3 three sensors

M1, M2

T1

T2

X, Y, Z

twO motors

frame of the first weighing pan

frame of the second weighing pan
directions of a Cartesian coordinate system

transport direction

Reference list (Figures 7 ~ 12):

A

Adl

Ad?2

El

E2

EVI

EV2

clearances 1n the frames T1 and T2 of the weighing pans
adapter for adaptation of the frame to the first weighbar Wbl
adapter for adaptation of the frame to the second weighbar Wb2
tloor plate of the dynamic scale

encoder for motor M ]

encoder for motor M2

1rst electronic measurement value processing unit

second electronic measurement value processing unit
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fs1

fs?2

F

Fa

FB

GST

K1

K2

Kb

KH

KWI11

KW1?2

KW21

- KW?22

Lal

La2

Ml

M2
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notch frequency at which the 1st notch filter has a maximum signal

attenuation

notch frequency at which the 2nd notch filter has a maximum signal

attenuation

spring steel sheet

bent part of the spring steel sheet F

frequency range of the eigenfrequency of the dynamic scale

joint control unit

ribbon cable used for voltage and signal supply for motor M1 and

encoder E 1, without force shunts

ribbon cable used for voltage and signal supply for motor M1 [sic]

and encoder El [sic], without force shunts

notch

cable clip

shielded round cable that travels away from the weighbar Wb |

shielded round cable that travels away from the EV1

shielded round cable that travels away from the weighbar Wb2
shielded rouna<cable that travels away from the EV2

length by which the weighing pan 1s extended
load introduction into the weighing cell W1
load introduction into the weighing cell W2
first motor

second motor
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Pl

P2

R1

R2

SBT

SK

ST

Tl

T2

Trl

Tr2

Yimax

Wi

W2

Wbl
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rivets (for attachment of the stiffening elements V) of the frame
circuit board at the frame of the first weighbar WB

circuit board at the frame of the second weighbar WB2

first' round cable that travels away from the circuit board P1
second round cable that travels away from the circuit board P2
stop band of the lowpass

interference forces that are impressed by the drive depending on the
drive speed, wherein the drive speed of the transport belt is
proportional to the motor speed. The gearing design was chosen so
that, at maximum transport velocity, the interference frequencies are

below the eigenfrequency of the dynamic scale
step-by-step increase of the transport velocity

frame of the first weighing pan

frame of the second weighing pan

Support for the cascade arrangement of the weighbars
support arranged at point La2 of the second weighbar
transport velocity of the transport belt

maximum transport velocity of 700 mm/s

stiffening elexnénts in the frames T1 and T2 of the weighing pans
shaft

weighing cell of the first weighbar Wbl

weighing cell of the second weighbar Wb2

first weighbar

20
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Whb?2 second weighbar
Z transport direction

Although modifications and changes may be suggested by those skilled in the art,
it 1s the intention of the inventor to embody within the patent warranted hereon all
changes and modifications as reasonably and properly come within the scope of his

contribution to the art.
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Claims:

1. Dynamic scale with two weighing units, wherein each weighing unit is equipped with at
least one weighing pan installed on a frame and with a weighing cell that is arranged on a
weighbar, wherein the respective weighing pan is situated on an upper level and the weighing

cell 1s arranged between the upper level and a lower level at a distance from the upper level in

the direction of gravity,

wherein the weighing cell of a second weighing unit is arranged functionally cascaded
relative to the weighing cell ot a first weighing unit in the direction of gravity, the second
welghing unit being attached with its lower plane to a floor plate of the dynamic scale that is

situated in an x/z reference plane of a coordinate system;

wherelin a respective electronic measurement value processing unit is associated with the

weilghing cells;

with at least one sensor and with a transport device for a transport of a weighed good
standing on edge 1n a transport direction z during the weighing in each weighing unit, whercin

each transport device has a transport belt, a motor to drive the aforementioncd transport device

and an encoder;

with a transmission of control signals from a joint control unit to the motors and with a
transmission of the output signals of the electronic measurement value processing units of the

tirst weighing cells to the inputs of the joint control unait;

a spring steel sheet 1s installed on a first shaft or a stationary axle of a deflection roller of

the first transport belt running in the transport direction z of the weighed good, which spring
steel sheet projects beyond the first shaft or the stationary axle by a length counter to the

transport direction of the transport belt, wherein the spring steel sheet is fashioned as a slide plate

on the length L and 1s bent with a part in the direction of gravity at the mail intake side;

whereln the transmission of the control signals to the first motor takes place via a first

and second ribbon cable which has a thickness and a width, wherein the width is greater than the

22
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thickness, wherein the surtaces on the broad side of the ribbon cable are arranged parallel to the

surfaces of the weighbars that are respectively provided with a weighing cell;

wherein both the transmission of the control signals of the joint control unit to the second
motor and the transmission of the output signals of the electronic measurement value processing
unit of the first weighing cell to the inputs of the joint control unit take place via the first ribbon

cable:

wherein the two motors provided for the propulsion of the transport belts are of identical
dcsign and rcspectively have a motor shatft that 1s angled towards the floor plate in the x-
direction, wherein the smallest distance of the motor shafts from the floor plate 1s smaller than or

equal to the largest external diameter of the motors;

wherein a first weighing pan arranged upstream in terms of the mail flow is installed on
a first frame and a second weighing pan arranged 1n the transport direction z 1s installed on a
second {frame, and on the back side of each frame a respective adapter is provided that is

installed on the associated frame, wherein the second motor 1s arranged vertically with a

tolerance of less than or equal to £ 10 mm below the second adapter on the second frame;

wherein the second frame rests on the one end of a support;

wherein the other end of the support is installed at a load introduction point of the

weighbar;

wherein the motors are arranged symmetrically relative to the load introduction point of

the weighbar, with a tolerance of less than or equal to £ 10 mm; and

a gearbox installed on the frame has toothed belt wheels, wherein the toothed belt

wheels run in the same direction as the motors via a gearing conversion, and the motor speed is
chosen so that — below a maximum transport velocity Vmax — the parasitic oscillations affect

a measurement value determined from the signals of the weighing cells only in a tolerance

range of + 0.6 g.
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2. Dynamic scale according to Claim 1, wherein the first weighing unit receives a shortest
weighed good and the second weighing unit receives a weighed good whose length 1s greater
than that of the shortest weighed good, and wherein the length of the first weighing pan in the

transport direction z 1s greater than that of the second weighing pan.

3. Dynamic scale according to Claim 1, wherein the frame and the wceighing plates are

produced from aluminum alloy AIMg3F28.

4. Dynamic scale according to Claim 1, wherein the frames have stiffening ribs as

stiffening elements.

5. Dynamic scale according to Claim 1, wherein the eigentrequency of the dynamic scale is
above 25 Hz.

6. Dynamic scale according to Claim 5, wherein the eigenfrequency of the dynamic scale is
between 30 and 50 Hz.

7. Dynamic scale according to Claim 1, wherein all drive wheels rotate in the same
direction.

8. Dynamic scale according to Claim 1, wherein digital filtering of interfering oscillations

of the signals of the weighing cells takes place in the electrically connected measurement value

processing units of the weighing cells.

9. Dynamic scale according to Claim 8, wherein a lowpass filter 1s used that attenuates
frequencies above approximately 15 — 20 Hz by at least 60 dB, and wherein two

digital notch filters attcnuate an interfcring oscillation and the first harmonic associated with this

by at least 70 dB.

10. Dynamic scale according to Claim 1, wherein the maximum transport velocity Vmax =

700 mm/s.
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11. Dynamic scale according to Claim 1, wherein a first circuit board 1s installed at the first
frame and a second circuit board and the electronic measurement value processing unit of the

first weighing unit are installed at the second frame;

wherein the first ribbon cable runs between a first cable clip installed at the floor plate

and the second circuit board, and the second ribbon cable runs between the circuit boards.

12.  Dynamic scale according to Claim 1, wherein the first and second weighing pan

respectively have a guide wall and a transport belt.

13.  Dynamic scale with two weighing units, wherein each weighing unit 1s equipped with at
least one weighing pan installed on a frame and with a weighing cell that is arranged on a

welghbar, wherein the respective weighing pan i1s situated on an upper level and the weighing

cell 1s arranged between the upper level and a lower level at a distance from the upper level in

the direction of gravity,

wherein the weighing cell of a second weighing unit 1s arranged functionally cascaded
relative to the weighing cell of a first weighing unit in the direction of gravity, the second

weighing unit being attached with 1ts lower plane to a tloor plate of the dynamic scale that 1s

situated 1n an x/z reference plane of a coordinate system;

wherein a respective electronic measurement value processing unit 1s associated with the

wcighing cclls;

with at least one sensor and with a transport device for a transport of a weighed good
standing on edge 1n a transport direction z during the weighing in each weighing unit, wherein

cach transport device has a transport belt, a motor to drive the aforementioned transport device

and an encoder;
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with a transmission of control signals from a joint control unit to the motors and with a

transmission of the output signals of the electronic measurement value processing units of the

first weighing cells to the inputs of the joint control unit; and

the transmission of the control signals to the first motor takes place via a first and second
ribbon cable which has a thickness and a width, wherein the width is greater than the thickness,

wherein the surfaces on the broad side of the ribbon cablc arc arranged parallel to the surfaces ot

the weighbars that are respectively provided with a weighing cell, and wherein both the
(ransmission of the control signals of the joint control unit to the second motor and the
transmission of the output signals of the electronic measurement value processing unit of the

first weighing cell to the inputs of the joint control unit take place via the first ribbon cable.
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Figure 2
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Figure 4
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Figure 5
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Figure 7:
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Figure 8:
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Figure 9
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Figure 12:
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Transport direction of the weighed good
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