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A method for ascertaining a position error in a linear drive, a linear drive, a method for operating the linear drive and an installation,
wherein the deviation of a respective further runner In relation to a first runner (reference runner) is ascertained to determine the
position error, where the discrepancy of the respective sensor Is ascertained based on the deviation of the runner, the discrepancy
may be ascertained using a reference system, the position error may be established based on the discrepancy of the respective
sensor PS and the deviation of the respective runner, and where the position error may serve for the improved positioning, I.e.,
more precise positioning, of the respective runner on the linear drive or of the segments.
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ABSTRACT OF THE DISCLOSUR

A method for ascertaining a position error 1in a linear

drive, a linear drive, a method for operating the linear drive

and an 1nstallation, wherein the deviation of a respective

further runner 1n relation to a first runner (reference runner)
1s ascertained to determine the position error, where the

discrepancy of the respective sensor 1s ascertained based on

the deviation of the runner, the discrepancy may be ascertained
using a reference system, the position error may be established
based on the discrepancy of the respective sensor PS and the
deviation of the respective runner, and where the position
error may serve for the improved positioning, 1.e., more
precise positioning, of the respective runner on the linear

drive or of the segments.
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AND INSTALLATION

L]

METHOD, LINEAR DRIV]

BACKGROUND OF THE INVENTION
1. Field of the Invention
[1] The 1nvention relates to a method for ascertaining and a

method for correcting a position error, a method for operating
a linear drive, a linear drive and an installation with such a

linear drive.

p—

2. Description of the Related Art

[2] Currently, linear drives are widespread in industrial
installations, machine tools and production and processing

sites.

[3] Linear drives usually have segments and runners movable

thereon, with the runners being provided for positioning and/or
transporting workpieces and/or goods on the segments. Linear
drives may be formed as conveyor belts or as linear drives
which, at least i1n regions, are complemented by linear motors.
Here, the segments are formed as conveyor belts or as linear

motor stators.

[4] Positioning of the workpieces and goods as accurately as
possible via the linear drive 1s becoming increasingly

declsilive.

g

[5] A high level of accuracy of the positioning of the

runners 1s required for some applications.
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[6] Sensors, such as Hall sensors, usually serve to

Jr—

determine the position of the runners.

[7] EP 1 720 0Z2¢ Bl and DE 10 2012 205 902 Al show such

pr—

sensors which are sultable fcor determining a position of a

magnetic element.

SUMMARY OF THE INVENTION

J—

[8] It 1s an object of the present invention to provide a

method for ascertaining and correcting position errors, 1in

prarticular for linear drives.

[9] This and other objects and advantages are achieved in

accordance with the i1nvention by a method for ascertaining a

position error, a method for correcting a position error, a

method for operating a linear drive, a linear drive and by an

installation with such a linear drive, wherein i1n accordance

wlith the method for ascertaining the position error for the
linear drive, the linear drive comprises runners, at least one
segment, and a control device, where a respective runner
comprilses a detection element, and where a respective position

of the respective runner 1s ascertained based on the detection

element via at least one sensor.

[10] The method 1n accordance with the invention comprises at

least the following steps:

[11] - determining the respective position and/or alignment

of the detection element of a first runner and further runners,

[12] - comparing the respective position and/or the alignment

of the detection element of the respective further runners with

CA 2964903 2017-09-14
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the position and/or alignment of the respective detection

element of the first runner to determine deviations between the

r—

position and/or the alignment of the detection element of the

respective further runner and the respective position and/or

alignment of the detection element of the first runner,

[13] - assigning the respective deviation to the respective

further runner,

P

[14] - determining a discrepancy of the sensor with the aid

of the first runner,

[15] - assigning the respective discrepancy to the

corresponding sensor, and

[16] - determining the position error of the respective

b

runner by linking the deviation of the respective further

runner and the discrepancy of the sensor.

[17] A linear drive 1s understood to be a linear transport
system, where runners are provided for transporting and/or

positiconing goods and workpileces.

[18] The segment serves to move the respective runner. The

segment serves to transport and/or position the runner in the

region of the respective segment. A segment may be formed as a

stator of a linear motor. The respective segment or a further

segment may be embodied as a conveyor belt. A segment may

further be configqured as a spindle drive.

[19] The respective runner serves to receive the goods or the

workpiece. The runner 1s configured such that the runner may be

F

moved on the segment. If one of the segments 1is a stator cof a

CA 2964903 2017-09-14
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linear motor, the runner, e.g., has permanent magnets on the

lower side thereof such that the magnetic field emanating from

g

the segment may 1nduce a movement of the runner. Such a runner

may also be moved by a conveyor belt. Where necessary, the

runner may also comprilse rollers for straight-line movement.

[20] The runner comprises the detection element. By way of

example, a magnetic element, i.e., a permanent magnet, serves

as a detection element. The detection element may also comprise

a

indicator. The embodiment of the sensor is based on the type of

lighting device, 1n particular an LED, a laser diode, or an

A

detectlion element. The sensor serves to determine the position

O

f the detection element and hence to determine the position of

the runner.

[21] A deviatlion 1s understood to mean how far the detection

element devliates from the position or the place at which the

detection element 1s provided. Further, the deviation is

understood to mean how far the detection element deviates from

the envisaged alignment.

F

[22] Dependling on the type of detection element, the sensor

1s by way of example in accordance with an operating principle:

magnetostrictive, capacitive, magnetic, optical, inductive,

and/or differential-transformer-like.

[23] In a preferred embodiment, the sensor comprises a

—

plurality of Hall sensors that are arranged next to one

another, 1in particular along a line.

[24] In a further preferred embodiment, the sensor 1is

configured as a magnetostriction sensor. In the preferred

CA 2964903 2017-09-14
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empbodiments, a magnetic element, 1.e., a permanent magnet,

serves as a detection element.

(25] The discrepancy 1s understood to mean how far from its

actual position or alignment the detection element 1s detected

Jr—
—

by the sensor. In particular, the discrepancy 1s composed of

two components: the nonlinearity and the 1nstallation error.

g~

[26] A first component of the discrepancy of the sensor 1s

the nonlinearity of the sensor. A nonlinearity 1s understood to

p— F
—

mean that the accuracy of ascertaining the position of a

detection element depends on the ascertained position i1tself.

i
o

- Hence, the sensor has a different discrepancy at two respective

positions.

[27] The 1nstallation error 1s a second component of a

P

discrepancy of the sensor. An 1nstallation error of the sensor

1s understood to mean an 1naccurate placement of the sensor.
The discrepancy at dilifferent positions remains the same 1n the

case of the installation error.

[28] With respect to determining the position of a runner 1n

the case of a linear drive described here, the installation

n

error should be understood to mean an lnaccurate position of

the sensor 1n relation to the segment.

[29] In addition, the nonlinearity of the sensor should be

gr—
b—

understood to mean, e.qg., differences 1n the position of the

sensor elements 1n relation to one another.

CA 2964903 2017-09-14



81803677
- 6§ -

[30] Causes of such a discrepancy are 1naccuracies 1n the

position of the sensor or individual sensor elements, 1f the

—

sensor comprises a multiplicity of 1ndividual sensor elements.

[31] In particular, the first runner 1s understood to be a

reference runner. The reference runner serves as a reference

and defines the deviation of zero. The position and alignment

of the detection element of the first runner 1in each case

serves to define the deviation of the further runners. Thus,

the place/alignment at which the detection element of the

respective further runner 1s determined 1n relation to the

p_

place/alignment of the detection element. The deviation of the

—— —

place/alignment of the detection element of the respective

further runner 1n comparilison with the first runner 1s assigned

to the respectilive runner as a deviation. Hence, the first

runner has a deviation of zero and the further runners have a

deviation in relation to the first runner.

[32] For the purposes of determining the discrepancy, the
first runner is positioned on the respective segment and the

respective sensor, which 1s assigned to the respective segment,

determines the position of the runner at the respective

position. The position is advantageously ascertained at a

e

plurality of different places or positions.

[33] The discrepancy of the respective sensor 1s the

»

difference between the ascertained position of the first runner

P

and the actual position of the first runner on the respective

segment. The discrepancy 1s assigned to the sensor. In other

words, the discrepancy specifies the measurement error of the

SEIIS0OLr.

CA 2964903 2017-09-14
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[34] The position error of the respective runner on the

respective segment may be calculated from the discrepancy of

r—

the respective sensor and the deviation of the respective

P-

runner via simple addition of the deviation and the

discrepancy.

[35] The position error ascertained may thus be taken into

account when positioning and/or transporting the runner of the

I1inear drive.

r—

[36]' The precision and the accuracy of the positioning of the

respective runner may be 1ncreased by ascertaining the position

—

error 1f the position error 1s taken 1nto account.

[37] Advantageously, the first runner (reference runner) may

also be formed as a virtual axis 1n the control device.

[38] The first runner then corresponds to a virtual axis,
where the detection element 1s positioned at the provided place
and aligned in the provided alignment. In the control device,
the deviation 1s advantageously taken i1nto account at the

virtual axis.

[39] In the case of a runner that 1s 1maged as a virtual axis

in the control device, the respective deviation 1s

F

advantageously provided 1n the form of a table or a correction

pr—

function. Advantageously, the respective deviation of a runner

along the corresponding virtual axlis 1s taken into account in

the actuation by the respective control unit.

CA 2964903 2017-09-14
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[40] The discrepancy of the sensor 1s advantageously

—
e

determined with the aid of a further runner, the deviation of

which 1s taken 1nto account when determining the discrepancy.

[41] Using an optional method step, 1.e., correcting the

ascertalined position error, particularly with the aid of the

control device, the method for determining the position error

becomes a method for correcting the position error.

[42] In accordance with the further method step, the

ascertained discrepancy 1s corrected 1n a computing unit of the
sensor. To this end, a computing unit, 1n particular a

microcontroller, 1s assigned to the sensor. The computling unit

corrects the discrepancy of the sensor and provides the
discrepancy-corrected signal to the control unit and/or the

control device.

[43] The method for operating a linear drive may also be

improved with the aid of the further method step.

[44] With a preferred method for correcting the position

J— o

error of at least one runner of a linear drive, the linear

p—

drive comprises a segment or a plurality of segments, where at

least one sensor 1s respectively assigned to some of the
segments, where the sensor has a discrepancy, where each
respective runner has a detection element, where the detection

element 1s fastened to the runner with a deviation, and where

the method comprises at least the followlng steps:

—

[45] - ascertaining the deviation of the respective runner

and assigning the respective deviation to the corresponding

runner,

CA 2964903 2017-09-14
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(46] - optionally assigning the deviation to an

identification of the respective runner, where the

identification 1s particularly assigned to the runner,

[47] - optionally assigning the respective deviation to the

corresponding runner by storing the respective deviation 1n the

P

control unit or in the control device of the linear drive,

P

[48] - ascertalning the respective discrepancy of the

respective sensor and storing the respective discrepancy 1n a

computing unit assigned to the sensor,

prm—

[40] - transferring the identification of the respective

runner 1nto the control unit and/or the control device,

[50] - providing the position of the respective runner for

the control device or the respective control unit, where the

A

position has been corrected with respect to the discrepancy of

the sensor,

[51] - correcting the deviation of the respective runner,
wherein the deviation of the respective runner 1s corrected, 1in

particular, in the control device,

[52] - providing the position-error-corrected position of the
respective runner to the control device and/or the respective

control unit.

[53] Particularly accurate positioning of the respective

runner via the linear drive 1s possible by way of the above-

explained method.

CA 2964903 2017-09-14
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[54] The linear drive comprises a control device, at least
one segment, one or more runners and at least one sensor, where
the control device is configured to perform one of the above-

described methods.

[55] The control device is advantageously formed as a
movement controller, i.e., a programmable logic controller
(PLC) . The control device may also be assisted by further
control units, where the control units serve to supply current
or voltage to the segments. Here, the control units may be
rormed as power converters OIr as frequency converters. The

control device advantageously predetermines the movement

sequence, whereby the movement provides an indication of how

the runners are moved by (or though) the segments.

[56] T'he movement sequence may be ascertained based on

virtual axes. The respective virtual axis describes the

movement of the respective runner at a software level. The

principle of the virtual axis in relation to a linear drive is

described in an exemplary manner in EP Patent Publication No. 3
173 885. The virtual axis may be corrected by the deviation of

the corresponding further runner.

[57] In an advantageocus embodiment of the method for
ascertaining the position error, a position, corrected by the
discrepancy, of the respective runner is provided based on the

discrepancy of the respective sensor.

[58] The discrepancy of the respective sensor may be stored
ln a storage assigned to the sensor. The discrepancy may be
corrected 1n a computing unit, i.e., a microcontroller

respectively assigned to the sensor, from the ascertained

CA 2964903 2018-04-19
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F

position. As a result of this configuration, the respective

discrepancy of the sensors 1is corrected and the discrepancy-

corrected position of the runner 1s provided by the sensor or

by the respectively assigned computing unit.

[59] By correcting the provided position, 1t 1s possible to

dispense with a correction of the discrepancy 1n the control

p— —

device of the linear drive. As a result of this configuration,

use may also be made of a control device without a discrepancy

correction.

[60] In a further advantageous embodiment of the method for
ascertailning the position error, a position, corrected by the

deviation, of the respective runner 1is provided based on the

respective deviation of the respective further runner.

[61] Providing the position of the respective (further)

runner, the position i1s advantageously corrected by the

deviation. The deviation is preferably corrected in the control

o~ -

unit. Hence, taking account of the respective deviation of the

respective runner 1s dispensed with when creating the movement

g

sequence, 1n particular with the aid of the control device.

[62] The deviation of the respective further runner may also

form the basis for closed-loop control of the position of the

h—

runnecktr.,

[63] In a further advantageous embodiment of the method for

ascertaining the position error, the respective discrepancy is

determined after arranging the segments in accordance with a

first discrepancy measurement method, where the first

CA 2964903 2017-09-14
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discrepancy measurement method comprises at least the following

steps:

[64] - positioning the first runner on the respective segment
1in accordance with a predetermined movement sequence,

particularly at set places or positions on the segment,

F

[65] - ascertalning the respective position of the respective

o~

runner with the aid of the at least one sensor,

[66] - comparing the ascertained position with a position of

the first runner predetermined by movement predetermined by the

movement sequence, and

[67] - determining the discrepancy of the at least one sensor

from the comparison.

[68] The (first) discrepancy measurement method 1is

advantageously performed after an assembly of the linear drive,

1.e., 1f the linear drive comprises a plurality of sensors.

[69] The control device advantageously predetermines the

movement sequence. The respective position of the runner 1s

predetermined based on the movement sequence. The position of

the runner, 1.e., of the first runner, is determined with the

aild of the respective sensor. The position 1s advantageously

—

determined at a multiplicity of places or positions on the

respective segment. The ascertained position of the respective

pr—

runner 1s corrected by the deviation of the respective runner.

o

The discrepancy of the respectively ascertained position 1is

determined by comparing the predetermined position with the

ascertained position.

CA 2964903 2017-09-14
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[70] The above-described method 1s particularly suitable when
starting up a linear drive. The above-described method

advantageously serves to ascertain the discrepancies by, e.g.,

an offset of the sensors 1in relation Lo one another. The offset

ﬁ
p—

of the sensors 1n relation to one another 1s taken 1nto account

#

and/or corrected by the discrepancy of the respective sensor.

[71] In a further advantageous embocdiment of the method for

ascertalning the position error, the method for determining the

—

discrepancy of the at least one sensor 1s performed based on a

second dilscrepancy measurement method, where the second

discrepancy measurement method comprises the following steps:

[72] - moving the first runner with the aid of a reference
system, where the reference system positions the first runner
1n accordance with a predetermined movement sequence at a

respectively predetermined position,

[73] - ascertaining the position of the first runner with the

at least one sensor,

P

[74] - comparing the ascertained position of the runner and

the predetermined position of the runner, and

[75] - determining the discrepancy of the at least one sensor

based on the comparison.

P

[76] By way of example, an apparatus in which a runner, i.e.,

the first runner, or a detection element is positioned at
predetermined positions or places on the respective segment is

sultable as a reference system. A runner that positions a

runner, 1.e€., a first runner, at a multiplicity of

CA 2964903 2017-09-14
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predetermined positions 1ndependently of the linear drive 1is

also suitable as a reference systemn.

-—

[77] In contrast to the preceding method, the reference

system 1s 1ndependent of the linear drive and the components

Lhereof.

[78] The two confiligurations of the method explained above

advantageously serve to increase the accuracy of the movement

or the positioning of the runners of the linear drive.
Advantageously, the two configurations of the method explained
above may quickly ensure high accuracy in the positioning or
movement of the linear drive when setting up a newly

constructed linear drive.

[79] In a further advantageous embodiment of the method for

ascertaining the position error, an identification 1s at least

assigned 1n each case to the at least one further runner.

[BO] An l1dentification may comprise a number of the runner

——
p—

and hence facilitate addressing of the runner in the linear

drive. The 1dentification may also comprise the deviation of

-

the respectlve runner. The identification is advantageously

assigned to the respective runner.

[81] In an advantageous embodiment of such a runner, the

runner comprilises a storage element or readable code in each

case. The storage element may be formed as an RFID chip. The

storage element 1s fastened to the runner. The storage element

1s advantageously configured such that an identification may be

written and/or the identification may be read in a contactless

manner. The readout of the identification and/or of the storage

CA 2964903 2017-09-14
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element 1s performed by a detector. The 1dentification or the

pr—

read content of the respective storage element 1s provided for

the control device and/or the respective control unit.

—

[B2] Advantageously, the respective i1dentification of the

runner 1s read out by a readout element that 1s assigned to the

sensor and/or the segment. The identification may be provided
to the control device and/or the computing unit assigned to the
respective sensor. The provided identification may simplify

ascertaining and correcting the position error.

[83] In a further advantageous embodiment of the method for

—

ascertaining the position error, the movement of the respective

runner 1s 1n each case performed based on a virtual axis, where

the deviation of the respective runner 1s assigned to the

respective virtual axis.

———

[84] The movement of the respective runner 1is performed based

on a movement sequence. The movement sequence may be
predetermined by the control device. For the purposes of
describing the movement sequence 1n this embodiment, the

g

control device uses the principle of virtual axes. A virtual

axls describes the movement of the respective runner. When

determining the movement segquence, the virtual axis is

corrected 1n accordance with the deviation of the respective

runrner.

fr—

[B5] A virtual axis describes the movement of the runner

corresponding to the wvirtual axis. In other words, a virtual
axls reproduces the movement of the corresponding runner in the

control device.

CA 2964903 2017-09-14
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[86] If there 1s a change in the movement sequence, the

P

identification, 1.e., the deviation, of the respective runner

1s advantageously ascertalined. Here, the deviation of the
respective runner 1is provided to the corresponding virtual
axls. The virtual axis 1s advantageously corrected based on the

—

deviation of the correspondling runner.

[87] In a further advantageous embodiment of the method for

ascertalning the position error, one sensor 1s respectively

assigned to a segment 1n each case.

[88] The sensor 1s advantagecusly fastened to the respective

segment i1n this confiliguration. The respective segment then

optionally still comprises the computing unit, with the
computing unit being assigned to the sensor. Hence, the segment
comprising a sensor and optional computing unit may serve as a

unit.

[89] As a result of the presently contemplated embodiment,

the segments may easily be combined when setting up the linear

drive, without having to take account of the regquirements of a

SCINNSOX.

{90] In a further advantageous configuration of the method

for ascertailning the position error, at least one sensor

ascertains the respective position of the at least one runner

P

over a plurality of segments.

ﬁ

[91] By ascertaining the position of the respective runner

via a sensor that 1s formed over a plurality of segments, it 1is

possible to reduce discrepancies when the runner transfers from

one segment to a further segment. Such a sensor may be based on

CA 2964903 2017-09-14
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the principle of magnetostriction. Such a sensor may also be an

array of llght detectors or Hall sensors.

[92] Aavantageously, the sensor only has one discrepancy,
with only one discrepancy having to be taken into account when
ascertaining the position error. In a further advantageous
embodiment of the method for ascertaining the position error,
CLhe position error 1s provided in a value table or a correction

function of the control device.

[93] The value table may be available 1n the computing unit
assigned to the sensor, the control unit and/or the control

device. Advantageously, the value table and/or the correction

function also contains the deviation of the respective runner

and, optionally, the discrepancy of the respective sensor.

[94] The position error of the respective runner 1s corrected
with the aid of the value table or the correction function. The
correction advantageously occurs 1n the control device.
Advantageously, the control device determines a movement
sequence that 1s corrected to take account of the position
error. The runners are moved through the segments or posiltioned
based on the corrected movement sequence, 1.e., with the aild of

the control units.

[95] There may be particularly accurate positioning of the
runner by the linear drive as a result of the configuration

described above.

[96] In the method for operating a linear drive suiltable for
achieving the atorementioned object, a movement seguence, 1.e.,

as a virtual axils 1n each case, 1s assigned to the respective

CA 2964903 2017-09-14



81803677
- 18 -

runners, wherein the movement sequence of the respective runner
about the ascertalned position error thereof is corrected in
accordance with a method in accordance with disclosed

embodiments.

[97] The position error i1s advantageously determined at the
outset durlng operation of the linear drive. After the position
error 1s determined, the position error is taken into account
as a comblnation of deviation of the respective runner and
discrepancy of the respective sensor when determining the

movement sequence.

[98] For an unchanging high accuracy of the positioning of
the respective runner of the linear drive, the position error

18 ascertalned as described here at regular temporal intervals.

[99] The linear drive suitable for achieving the
aforementioned object comprises a control device, at least one
segment, one or more runners and at least one sensor, where the
control device 1s embodied to carry out a method in accordance

with disclosed embodiments.

[100] In the method for operating a linear drive, the linear
drive comprises at least one segment, further runners, at least
one control unit, sensors and, optilionally, a control device,
where the further runners are positioned on the segments, the
respective control unit controls and/or regulates the position
of the further runners, where the respective sensor ascertains
the position and/or the speed of the respective runner on the
respective segment, where the position error of the position of

the respective runner 1is corrected by a method in accordance

with disclosed embodiments, and where the respectively

CA 2964903 2017-09-14
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corrected position of the respective further runner serves, in

the control unit and/or in the control device, to control or
regulate the positioning of the respective further runner on the

respective segment.

[101] A linear motor with a runner or a plurality of runners
(ln each case formed as a secondary part of the linear motor), a
conveyor belt, a combination of at least one linear motor and at
least one conveyor belt may serve as linear drive. A linear
drive as described here 1is adﬁantageously part of an

installation.

[102] For the purposes of solving the aforementioned object,
the 1nstallation comprises a linear drive as described above.
Advantageously, the installation is formed as a machine tocl, a
production machine, a packaging machine, a filling installation

Or a transportation device.

[102a] According to one aspect of the present invention,

there 1is provided a method for ascertaining a position error for
a linear drive comprising a first runner and a further runner,
at least one segment, at least one sensor and a control device,
each runner comprilsing a respective detection element, and a
respective position of each runner being ascertained based on
the respective detection element via at least one sensor, the
method comprising: determining at least one of (i) a respective
position and (ii) respective alignment of the respective

detection element of the first runner and of the respective

fo—

detection element of the further runner: comparing at least one

of (1) the respective position and (ii) the alignment of the

respective detection element of the further runner with at least

CA 2964903 2018-04-19
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one of (1) the position and (ii) alignment of the respective
detection element of the first runner to determine a deviation

between at least one of (i) the respective position and (ii) the

pr——

respective alignment of the respective detection element of the

further runner and at least one of (i) the position and (i1i)
alignment of the respective detection element of the first
runner; assigning the deviation to the further runner; for each
sensor, determining a respective discrepancy of the sensor aided

by the first runner, and assigning the respective discrepancy to

the sensor; and determining the position error of the further

runner by linking the deviation of the further runner and the

p— —
.

discrepancy of a sensor of said at least one sensor.

[102b] According to a further aspect of the present invention,
there 1s provided a linear drive comprising: a control device:
at least one segment; at least one runner; at least one control

unit; and at least one sensor; wherein one of the control device

and a respective control unit is configured to: determine at

least one of (i) a respective position and (ii) respective

r—

alignment of a detection element of a first runner and of a

detection element of a further runner; compare at least one of

(1) the respective position and (ii) the alignment of the

 and

respective detection element of the further runner with at least

one of (1) the position and (ii) alignment of the respective
detection element of the first runner to determine deviations
between at least one of (i) the respective position and (ii) the

respective alignment of the respective detection element of the

g~y

further runner and at least one of (i) the position and (ii)

o=

alignment of the respective detection element of the first

runner; assign the deviation to the further runner; for each

sensor, determine a respective discrepancy of the sensor aided
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by the first runner and assign the respective dlscrepancy to the

sensor; and determine the position error of the further runner

by linking the deviation of the further runner and the

P

discrepancy of a sensor of said at least one sensor.

[103] Other objects and features of the present invention will

become apparent from the following detailed description
considered 1n conjunction with the accompanying drawings. It is
to be understood, however, that the drawings are designed solely

for purposes of illustration and not as a definition of the

limits of the invention, for which reference should be made to

Lhe appended claims. It should be further understood that the

drawlngs are not necessarily drawn to scale and that, unless

otherwise indicated, they are merely intended to conceptually

11lustrate the structures and procedures described herein.

BRI

(4]

B D

[ —

LoCRIPTION OF THE DRAWINGS:

[104] Below, the invention is described and explained in more

F
P

detail by way of

figures, in which:

[1053] Figure 1 shows a linear drive in accordance with the

invention:;

[106] Figure 2 shows a method in accordance with the invention:

[107] Figure 3 shows a linear drive in accordance with the

invention:

[108] Figure 4 shows a sensor in accordance with the invention:
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[109] Figure 5 shows the deviation of a detection elemént;

[110] Frlgure 6 shows a method for correcting the position

error; and

[111] Figure 7 shows a further method for correcting the
positlion error in accordance with a further embodiment of the

invention; and

[112] Figure 8 1s a flowchart of the method in accordance with

the invention.

EMPLARY EMBODIMENTS

L]
7]
>

DETAILED DESCRIPTION OF TH!

[113] Figure 1 shows a linear drive LA. The linear drive
comprises segments Seg, where the segments Seg are arranged
next to one another to form a row. The segments Seg shown here
are configured as linear motor stators (i.e., primary elements
of the linear motor). At least one segment Seg may also be

configured as a conveyor belt.

[114] A runner L 1is positioned on the segments. The runner may
pe a first runner L* (also referred to as a reference runner)
or a further runner L. The runner has a detection element MG.
Here, the detection element MG 1s configured as a permanent
magnet. The runner L, L* 1s moved 1n a direction X on the
respective segment Seg. The runner 1L, L* 1is situated at a
poslition x—1st. The sensor additionally has an identification

K. The i1dentification K may comprise an address of the runner

and/or the deviation of the runner 1, L*.

[115] The respective sensor and/or the respective computing

L]

unit uC 1s connected to a control device SE. A signal

CA 2964903 2017-09-14



31803677

_._23__

-]

connection serves to connect the control unit SE and the

respective sensor and/or the respective computing unit uC. The
signal connection may have a bidirectional embcdiment. By way
of example, the signal connection is formed as network

connection.

[116] The control device SE may be connected to one or more

control units U or comprise the control units. The control
units U comprise a power converter and are configured to supply

current or voltage to at least one segment Seq.

[117] Flgure 2 shows a method in accordance with the
invention. Here, deviations A are determined in a first method
step. To this end, the respective places and/or alignments of
the detector element MG are determined, here. The deviation A
1s determined by comparing the respective further runner L with

a first runner L*. The first runner L* 1s also referred to as

reterence runner.

[118] The respective deviation 1s assigned to the

correspondlng runner in a second method step. By way of

example, the assignment 1s performed by storing the respective

deviation A on the ldentification K of the respective runner.

[119] The discrepancy D of the respective sensor PS 1is
ascertalined 1n a third method step. In the example shown, a
sensor PS 1s assigned to each segment Seg. Hence, a discrepancy

D 1s assigned to the sensor of the respective segment Segq.

[120] In a further method step, the discrepancy D of the

respective sensor PS and the deviation A of the respective

runner L are linked to form a position error PF. A simple
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addition (D+A=PF) serves in a simple case for linking the

deviation A and the discrepancy D.

[121] The position error PF may be provided as a value table

and/or as a function of the control device SE or of the
respective control unit U. Advantageously, the position error

Pt occurs upon starting up the linear drive LA.

[122] Figure 3 shows a linear drive La in accordance with the
1nvention. In a manner analogous to the linear drive from
figure 1, the linear drive comprises segments Seqg and sensors
PS assigned to the segments Seqg 1n each case. Further, a

plurality of runners L that are positioned on the segments Segq

are shown. The runners L each have an identification K. Each
runner L further comprises a detection element MG. The
detection element MG may comprise a permanent magnet or as a

luminous element. For the purposes of communication between the

L*]

control device SE and the runners 1L, the linear drive comprises
an element for passing and/or recalling the respective

ldentification K of the respective runner 1.

[123] In the linear drive LA illustrated, each segment Seg is

assigned to a control unit U. The control unit U serves to

supply current or voltage for the segment. Further, the contro:
unit U serves to record the position x-ist of the respective

runner L or the respectlve runners L on each segment Seg.

[124] The control units U are respectively connected to the

control device SE by a signal connection, preferably a signal
connection with a bidilrectional embodiment. The signal

connection serves to control the movement of the runners 1
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through the respective segment Seg via the respective control

unit U.

[125] An idéntification capturling device D serves to read out
the 1dentification of the runners L, L*. By way of the
ldentification capturing device, the deviation A, which 1is
assigned to the runner in the identification, is fed to the

ey
d

control device SE and/or the respective control unit U.

[126] Figure 4 shows a sensor PS in accordance with the

Pr——

1nvention. The sensor PS comprises a multiplicity of sensor

elements, e.g., Hall sensor elements in this case. The sensor

elements register the position x-ist of the detection element

MG. The detection element MG comprises a permanent magnet. The
respective sensor elements are assembled spaced apart at a

distance.

[127] A discrepancy of the sensor PS occurs i1if a sensor
element 1s not assembled precisely at the provided place. The

sensor elements are respectively connected to the computing

unit uC. The computing unit uC serves to combine the signals

from the sensor elements. The computing unit uC puts together

the position of the detection element MG and, hence, the

position of the respective runner L, L* from the signals of the

sensor elements.

[128] Figure o5 shows the deviatlion A. The deviation A 1s the

—

difference of the place and the alignment, at (or in) which the

detection element MG is situated, and the provided place and/or
alignment of the detection element MG (absolute deviation). The

deviation may also be ascertained in relation to the place
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and/or alignment of the detection element MG of the first

runner L* (of the reference runner) (relative deviation).

[129] Figure 6 shows a method for correcting the position
error PF 1n accordance with the invention. The position error
PF' 1s composed of the deviation A and the discrepancy D. The
deviation A 1s determined when comparing Ver the place énd the
alignment of the detection element MG of the respective further

runner L with the first runner L*.

[130] The discrepancy D 1s determined in a comparison Diff
between the movement of the first runner in accordance with a
movement sequence BA and the movement ascertained with the aid
of the sensor PS. To this énd, a movement of the first runner
L* 1s predetérmined by the movement sequence BA.
Advantageously, the speed v{(L*) 1s predetermined by the
movement sequence depending on the position xXx-1st in the

gr—

movement direction x(L*) of the runner L*. Then, the speed

—

v(L*) and/or the position x-ist of the first runner L* is

ascertained using the sensor PS. The discrepancy D 1is
ascertained from a comparison of the positions of the runner L*

1n accordance with the movement sequence BA and the ascertained

position x-1st. The discrepancy D is assigned to the respective

SENSOTr.

[131] The place and/or alignment at which each detectién

clement MG fastened 1s compared with the place/alignment of the
detection element MG of the first runner L* for the purposes of
determining the deviation A of the respective further runner L.

Hence, a deviation 1s ascertalned for the respective further
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runner L and the respective deviation of the respective runner

L 1s assigned.

[132] The position error PF is ascertained from the
discrepancy D assigned to the respective sensor PS and the
deviation A assigned to the respective further runner L via
linking, 1n particular by (direct) addition. The position error

PF' 1s assigned to the linear drive LA.

[133] The position error 1s made avallable to the control

)

device SE of the linear drive LA. The control device SE

corrects the movement sequence BA on the basis of the position

error PF.

[134] Figure 7 shows a further method for correcting the

position error PF. In this method, the deviation A is
determined 1n a first step with the aid of a comparison Ver and
the respective deviatlion A 1s assigned to the respective
further runner L. As indicated above, the comparison Ver for
determining the respective deviation of the respective further
runner 1s performed by a comparison between the positions of
the respective detection element MG of the respective further
runner L and the position of the detection element MG of the

first runner. Here, the deviation A 1s provided for the control

L]

device SE and/or the respective control unit U.

[135] The discrepancy D of the respective sensor 1s determined
1n a further comparison Diff. The discrepancy D of the
respective sensor PS 1s determined by virtue of the first

runner L* being positioned at a multiplicity of predetermined

positions x-BA. The respective predetermined positions x-BA are

compared to the positions x-1st determined by the respective
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sensor PS. Hence, the nonlinearity of the sensor PS, i.e., 1is

determined. The discrepancy D of the sensor PS emerges from the

respective difference from the predetermined position x-BA and

Che ascertained position x-ist of the first runner L*.

[136] The discrepancy 1s advantageously provided as a value
table or as an error function for the sensor PS, i.e., for a
computing unit uC assigned to the sensor and/or to the control

unit U.

[137] For the purposes of correcting the position error PF,
l.e., when operating the linear drive LA, the respective
position x—-1st of the respective runner L, L* 1s determined by
the respective sensor PS. The signal of the sensor PS 1s

P

corrected either in the control unit U or with the aid of the

computing unit assigned to the respective sensor PS. Thus, a
respectively discrepancy-corrected position i-ist of the

respective runner L, L* 1s available in the control unit U.

[138] The respective runner L, L* 1n each case has an
1dentification K. The 1dentification K 1s detected.
Advantageously, a deviation A of the respective runner L, L* 1s
avallable for the 1ldentification K. The discrepancy—-corrected
posilition 1s corrected based on the identification of the

respective runner L, L* with the corresponding deviation A,

4J

preferably 1n the control device SE. The discrepancy-corrected
and devlation-corrected position xXx-ist corresponds to the
posiltion-error-corrected position x-1st of the runner. The
pcsltlion-error-corrected position i-ist regularly corresponds
to the “real position” of the respective runner L, L*. The

position—-error—-corrected position x-1st of the respective
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runner 1s provided for the respective control unit U as input

varlable for controlling and/or regulatinog the movement or
positionling of the respective runner L*. There 1s a controlled
and/or regulated movement of the respective runner L, L* based
on the position-error-corrected pecsition x-ist of the

respective runner L, L* on the respective segment Seq.

[139] The respective position-error-corrected position of the
respectlve runner L, L* serves as input value for reqgulating

the position of the respective runner 1L, L*,

[140] Preferably, the deviation A of the respective further

runner I 1s stored as a function of the i1dentification K

14

thereof 1n the control device SE or in the respective control

unit U.

[141] The 1dentification is preferably read out by a detector

and provided for the control unit U, the respective sensor PS

and/or the control device SE.

[142] In summary, the i1nvention relates to a method for
ascertalining a position error PF 1n a linear drive LA, to a
linear drive, to a method for operating such a linear drive LA

and to an 1nstallation. The deviation A of the respective

further runner L 1n relation to a first runner L* (reference
runner L*) 1s ascertalned to determine the position errbr PE.
Further, the discrepancy D of the respective sensor PS 1s
ascertained based on the deviation A of the runner L. The
discrepancy D may be ascertained using a reference system. The
posltion error may be established based on the discrepancy D of
the respective sensor PS and the deviation A of the respective

runner L. The position error may serve for the improved
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runner L on the linear drive LA or of the segments Segq.

[143] Filgure 8 1s a flowchart of a method for ascertaining a
position error PF for a linear drive LA comprising runners L*,

L, at least one segment Seg, at least one sensor PS and a

control device SE, where each respective runner L*, L comprises
a detection element MG, and a respective position x-1ist of a
respective runner L 1s ascertained based on the detection

element MG via at least one sensor PS.

The method comprises determining at least one of (1) a

respective pdsition and (11) respective alignment of a
detection element (MG) of a first runner L* and further runners

L, as 1ndicated 1n step 810.

[144] Next, at least one of (1) the respective position and
(11) the alignment of the detection element MG of the .
respective further runners L is compared Ver with at least one
of (1) the position and (11) alignment of the respective
detection element MG of the first runner L* to determine

deviations A between at least one of (i) the respective
position and (11) the respective alignment of the detection
element MG of the respective further runner L and at least one
of (1) the position and (11) alignment of the detection element

MG of the first runner L*, as indicated in step 820.

[145] The respective deviation A 1s now assigned to the

respective further runner L, as indicated in step 830. Next,

the discrepancy D of the respective sensor PS is determined

aided by the first runner L*, as indicated in step 840.
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[1l146] The respective discrepancy D is now assigned to the

respective sensor PS, as indicated in step 850.

[147] The position error PF of the respective runner L, L* 1is
now determined by linking the deviation A of the respective
further runner L and the nonlinearity D of the sensor, as

indicated i1n step 860.
[148]

[149] Thus, whille there have been shown, described and pointed

out rfundamental novel features of the invention as applied to a

preferred embodiment thereof, it will be understood that
various omlssions and substitutions and changes in the form and

details of the devices 1llustrated, and in their operation, may

pe made Py those skilled 1in the art without departing from the

splrit of the invention. For example, it is expressly intended

that all combinations of those elements and/or method steps

which perform substantially the same function in substantially
the same way to achieve the same results are within the scope
of the 1nvention. Moreover, 1t should be recognized that
structures and/or elements and/or method steps shown and/or
described in connection with any disclosed form or embodiment
of the i1nvention may be 1ncorporated in any other disclosed or
described cr suggested form or embodiment as a general matter
of design choice. It 1s the intention, therefore, to be limited

only as indicated by the scope of the claims appended hereto.
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CLAIMS:

1. A method for ascertaining a position error for a
linear drive comprising a first runner and a further runner, at
least one segment, at least one sensor and a control device,
each runner comprisling a respective detection element, and a
respective position of each runner being ascertained based on

the respective detection element via at least one sensor, the

method comprising:

determining at least one of (1) a respective position
and (11) respective alignment of the respective detection
element of the first runner and of the respective detection

element of the further runner;

comparing at least one of (1) the respective position
and (11) the alignment of the respective detection element of
the further runner with at least one of (1) the position and
(11) alignment of the respective detection element of the first
runner to determine a deviation between at least one of (i) the
respective position and (11) the respective alignment of the
respective detection element of the further runner and at least
one of (1) the position and (11) alignment of the respective

detection element of the first runner:;
assigning the deviation to the further runner;

for each sensor, determining a respective discrepancy
of the sensor alded by the first runner, and assigning the

respective discrepancy to the sensor; and

determining the position error of the further runner

by linking the deviation of the further runner and the
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discrepancy of a sensor of said at least one sensor.

2. The method as claimed in claim 1, wherein a position,
corrected by the discrepancy, of the further runner is provided

based on the discrepancy of the sensor of said at least one

SISO,

3. The method as claimed 1n claim 1, wherein a position,
corrected by the deviation, of the further runner 1s provided

based on the deviation of the further runner.

4, The method as claimed 1n claim 2, wherein a position,
corrected by the deviation, of the further runner 1s provided

based on the deviation of the further runner.

5. The method as claimed in claim 1, wherein the
respective discrepancy each sensor 1s determined after
arranging the at least one segment 1n accordance with a first

discrepancy determination method comprising, for each sensor:

poslitioning the first runner on a respective segment

of sailid at least one segment 1n accordance wilith a predetermined

movement sequence;

ascertalning the position of the first runner aided

by the sensor;

comparing the ascertalned position with a position of

the first runner predetermined by the movement sequence; and

determining the discrepancy of the sensor from the

comparison.
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o . The method as claimed in claim 1, wherein a method
for determining the respective discrepancy of the each sensor
1s performed based on a second discrepancy measurement method,

said second discrepancy measurement method comprising, for each

SEeIS0r ]

moving the first runner aided by a reference system,
sald reference system positioning the first runner in
accordance with a predetermined movement sequence at a

respectively predetermined position;

ascertaining the position of the first runner aided

by the sensor;

comparing the ascertalned position and the

predetermined position;

determining the discrepancy of the sensor based on

the comparison.

7. The method as claimed in claim 1, wherein an

identification 1s assigned to the further runner.

3 . The method as claimed in claim 1, whereln a movement
sequence of the further runner 1is performed based on a virtual
axis; and wherein the deviation of the further runner 1is

assigned to a respective virtual axils.

9. The method as claimed 1n claim 1, whereln a

respective sensor of sald at least one sensor 1s assigned to

each segment.
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10. The method as claimed in claim 1, wherein at least
one sensor ascertalns the respective position of the first

runner and the further runner over a plurality of segments.

11. The method as claimed in claim 1, wherein position
error/errors 1s provided in a value table or a correction

function of the control device.

12. A method for correcting a position error for a linear
drive, wherein the deviliation and the discrepancy are
ascertalined 1n accordance wlith the method as claimed 1n

claim 1;

whereiln each discrepancy 1s assigned to the

respective Sensor;

wherein the sensor of said at least one sensor
provides a position of the further runner corrected by the

discrepancy of the sensor;

wherein the deviation 1s assigned to the further

ruriner,

wherein the deviation of the further runner 1s taken

into account when providing the position of the further runner;

and

wherein the position of the further runner corrected

by the discrepancy and the deviation 1s provided to at least

one of (1) a control device and (11) a control unit.

13. The method as claimed in claim 12, wherein each

sensor comprises a respective computing unit.
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14 . A method for operating a linear drive, where the
linear drive comprising at least one segment, a first runner
and a further runner, a control unit device or for each runner
a respective control unit or a control unit device and for each
runner a respective control unilt, a respective sensor for each

segment, the method comprising:
positioning the further runner on a segment;

at least one of controlling and regulating the

position of the further runners by the control unit of the

segment;

ascertalning at least one of a position and speed of

porrr—
—

the further runner on the segment by the respective sensor of

the segment;

correcting the position error of the position of the
further runner 1n accordance with the method as claimed 1in

claim 12;

wherein the corrected position of the further runner
serves to control or regulate the positioning of the further
runner on the segment 1n at least one of (1) the control unit

of the segment and (11) the control unit device.

15. A method for operating a linear drive to compensate
for a position error, whereln a movement sequence comprilising a
virtual axis 1s assigned to a runner and wherein the movement
sequence of the runner about the ascertained position error

thereof 1s ascertained 1n accordance with the method as claimed

in claim 1.
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16. A method for operating a linear drive to compensate
for a position error, wherein a movement seqguence comprising a
virtual axis 1s assigned to the a runner and wherein the
movement sequence of the runner about the ascertained position
error thereof 1s corrected accordance with the method as

clailmed 1n ciaim 12.

17. A linear drive comprising:

a control device;

at least one segment;

at least one runner;

at least one control unit; and

at least one sensor;

whereln one of the controcl device and a respectilve

control unit 1s configured to:

determine at least one of (1) a respective position
and (11) respective alignment of a detection element of a first

runner and of a detection element of a further runner;:

compare at least one of (1) the respectirve position

and (11) the alignment of the respective detection element of

4

the further runner with at least one of (1) the position and

(11) alignment of the respective detection element of the first

runner to determine deviations between at least one of (1) the
respective position and (11) the respective alignment of the

respective detection element of the further runner and at least
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one of (i) the position and (11) alignment of the respective

detection element of the first runner;
assign the deviation to the further runner;

for each sensor, determine a respective dilscrepancy
of the sensor alded by the first runner and assign the

respective discrepancy to the sensor; and

determine the position error of the further runner by
linking the deviation of the further runner and the discrepancy

of a sensor of said at least one sensor.

18. An installation comprising the linear drive as

claimed in claim 17.

19. The i1nstallation of claim 18, wherein the
installation comprises one of a production machine, a machine

tool, a packaging machine and a filling installation.
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