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(57) Abrégé/Abstract:
To make it possible to operate a conveyor installation (1) in the form of a long stator linear motor in a simple manner, a first trigger
point (Tx) is defined in at least one first position (Px) on the conveying track (2) and a first program code (Fx) which can be
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(57) Abrégé(suite)/Abstract(continued):

executed in the system controller (6) and with which a transport unit (TEn) is moved along a track section of the conveying track (2)
in accordance with a defined movement profile is assigned to the first trigger point (Tx), and this program code (Fx) is executed for
each transport unit (TEn) that reaches the first trigger point (Tx).



Abstract

To make it possible to operate a conveyor installation (1) in the form of a long stator linear
motor in a simple manner, a first trigger point (Tx) is defined in at least one first position (Px)
on the conveying track (2) and a first program code (Fx) which can be executed in the sys-
tem controller (6) and with which a transport unit (TEn) is moved along a track section of the
conveying track (2) in accordance with a defined movement profile is assigned to the first
trigger point (Tx), and this program code (Fx) is executed for each transport unit (TEn) that

reaches the first trigger point (Tx).
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Method for operating a long stator linear motor

The subject matter of the invention relates to a method for operating a conveyor in the form
of a long stator linear motor, wherein a plurality of transport units being moved along a con-

veying track of the conveyor by a system controller.

The invention relates to a conveyor in the form of a long stator linear motor in which a plurali-
ty of transport units is moved along a specified conveying track. For that, a plurality of sta-
tionary drive coils that form the stator of the long stator linear motor are arranged along the
conveying track. The drive coils are energized, for example by applying an electrical voltage,
in order to generate a moved magnetic field. The moved magnetic field interacts with drive
magnets, generally permanent magnets or electromagnets, on a transport unit in order to
move the transport unit in accordance with the motor principle. The drive coils can be indi-
vidually and separately actuated by a controller. This makes it possible to also simultaneous-
ly move a plurality of transport units along the conveying track independently from one an-
other. Conveyors of this type are well known, for example from US 8,996,161 B2 or EP 3 109
998 A1.

US 3,908,113 A, DE 10 2004 048 515 A1 and DE 10 2013 218 394 A1 also disclose linear
motors for conveying applications. These documents additionally describe how a switch on
the conveying track can be controlled in order to move a transport unit along different routes
on the conveying track. The switch is either controlied by a unique identification of the
transport unit and by using stored switching patterns, or on the basis of a status parameter of

the transport unit.

The movement profile of a transport unit is normally planned in advance in order to deter-
mine how the transport unit is to be moved along the conveying track (e.g. position, speed,
acceleration, route). In a conveyor in the form of a long stator linear motor, this can be very
complex, since a large number of transport units are usually moving at the same time and
the conveying track can have complex geometries, including having a plurality of track sec-

tions that can be interconnected by switches, for example.

For many applications and processes that use a conveyor in the form of a long stator linear
motor to transport objects, it is however advantageous for a movement profile of a transport
unit to not be precisely specified in advance, but instead when the movement profile can be
changed at certain points in time or on the basis of certain criteria at running time, i.e. during
the operation of the conveyor. For example, US 2016/0207717 A1 describes an approach of
this type. In this document, a conveyor in the form of a long stator linear motor is described in
which a movement profile of a transport unit can be adapted on the basis of the status of the
transported object or on the basis of the status of a processing station for processing the

transported object. The movement profile can be changed both in terms of the kinematics
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(e.g. by changing the speed) and also in terms of the route (e.g. by setting a switch). The
decision as to which movement profile is used is made at predetermined points along the
conveying track. This decision has to be made for each individual transport unit, which is

very time-consuming for the control and regulation of the movement of the transport unit.

In conventional long stator linear motors, a number of functional blocks in the form of pro-
gram code are assigned to each transport unit, by means of which blocks the necessary
functions of the transport unit can be executed. During operation of the long stator finear mo-
tor, the necessary functional blocks are then executed. For example, there is a functional
block by means of which a linear movement of the transport unit is executed, or there is a
functional block by means of which the transport unit is synchronized to an external move-
ment (e.g. that of a robot). These functional blocks are provided on the long stator linear mo-
tor for each transport unit, i.e. essentially, the same program code needs to be provided mul-
tiple times. Functional blocks are also initialized for a transport unit that are potentially not
required at all during operation of the transport unit. If a new transport unit is added, the pro-
gram code for the functional blocks also has to be duplicated. This of course requires a large
memory. Apart from this, it is barely even possible to change a function during operation,

because that would require intervention in a large number of program codes.

Itis rtherefore an object of the present invention to provide a method by means of which the
operation of a long stator linear motor comprising a large number of transport units can be

simplified.

This problem is solved according to the invention by a first trigger point being defined in at
least a first position on the conveying track and a first program code which can be executed
in the system controller and with which a transport unit is moved along a track section of the
conveying track in accordance with a defined movement profile being assigned to the first
trigger point, and by this program code being executed for each transport unit that reaches
the first trigger point. Therefore, only a single program code is required to implement the
movement of all the transport units from the trigger point. The program code is executed mul-
tiple times in succession for different transport units if necessary. Therefore, the need for
memory for the software required to operate the conveyor installation can be considerably
reduced. Furthermore, this makes it possible to easily change the functionality for all the
transport units, since only one single piece of program code needs to be changed for this
purpose, and this may even be possible during operation of the conveyor installation in some

circumstances.

In an advantageous enhancement, specific data regarding the transport unit that is reaching
the first trigger point are checked by means of a condition defined in the first executable pro-

gram code, and, depending on the outcome of the check, the further movement of the
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transport unit along the conveying track is defined. This can increase the flexibility of the
functionality of the conveyor installation. This can preferably be implemented by a memory
region being allocated to each transport unit and specific data relating to the associated
transport unit being stored in this memory region, which can then be read out and checked
by means of a defined condition. This memory region is advantageously allocated when ini-
tializing the conveyor installation, whereby the memory region may remain allocated and

there is no need change the allocation.

In an advantageous development, a second trigger point is defined in at least one second
position on the conveying track and a second executable piece of program code that imple-
ments additional functionality of the conveyor is assigned to the second trigger point, this
second piece of program code being executed for each transport unit that reaches the sec-

ond trigger point.

The subject matter of the invention is explained in greater detail in the following with refer-
ence to Fig.1 to 5, which show advantageous embodiments of the invention in an exemplary,

schematic and non-limiting manner. In the drawings:

Fig.1 shows a possible configuration of a conveyor comprising a conveying track,
Fig.2 shows the assignment of trigger points to executable program codes,

Fig.3 shows an example of a conveying track comprising defined trigger points, and
Fig.4 and 5 show additional examples of a conveying track comprising defined trigger

points.

The invention relates to a conveyor installation 1 in the form of a long stator linear motor in
which a plurality of transport units TEn (n21 is an index that represents all the transport units
TE1, TE2, etc.) are moved along a conveying track 2 of the conveyor installation 1. Fig.1
shows, by way of example, an arbitrary construction of a conveyor instailation 1 comprising a
conveying track 2 (indicated by the dashed line). The conveyor installation 1 is designed as a
long stator linear motor and a plurality of transport units TEn are provided which can be
moved along the conveying track 2. The conveying track 2 is substantially defined by the
long stator of the long stator linear motor 1. In the embodiment shown, a number of convey-
ing segments FSm (m=1 is an index that represents all the transport segments FS1, FS2,
etc.) are provided that define the pathway for the transport units TEn, i.e. the conveying track
2. A conveying segment FSm forms a part of the long stator of the long stator linear motor.
The conveying segments FSm are arranged so as to be stationary in a suitable construction,
for example on a suitable supporting construction, and generally also form guide elements by
means of which the transport units TEn can be retained and guided on the conveying track 2.
Individual conveying segments FSm, such as FS1 and FS4 in Fig.1, can be arranged on dif-

ferent sides (when viewed in the movement direction of the transport unit TEn) of the convey-

3.
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ing track 2 and can also overlap in part in the movement direction, in particular at points on
the conveying track 2 at which a transition from one track section to another track section
takes place. It may also be provided that conveying segments FSm are arranged in sections
on either side of the conveying track 2, as also shown in Fig.1. Switches W may also be pro-
vided in order to carry out transitions between different track sections. It is understandable
that an almost arbitrarily constructed conveying track 2 can be formed which does not only

have to be in a two-dimensional plane, but can also extend three-dimensionally.

Each conveying segment FSm includes a number k21 of drive coils ASmk, the number k not
having to be the same in every conveying segment FSm. For the sake of simplicity, Fig.1
only shows drive coils ASmk of some conveying segments FSm. Each transport unit TEn
includes a number [21 of drive magnets EMnI, preferably on either side (based on the
movement direction, indicated by the arrows on the transport units TEn) of the transport unit
TEn. During operation of the conveyor 1, the drive coils ASmk interact in a known manner
with the drive magnets EMnI of the transport units TEn in accordance with the motor princi-
ple. If the drive coils ASmk are energized with a coil current in the region of a transport unit
TEn, a magnetic flux develops that exerts a force on the transport unit TEn in cooperation
with the drive magnets EMnl. Depending on the coil current, this force can comprise a pro-
pulsive-force-forming force component and a lateral-force-forming force component. The
propulsive-force-forming force component essentially serves to move the transport unit TEn
in the movement direction and the lateral-force-forming force component can for example be
used to determine the pathway of the transport unit TEn in a switch W. By accordingly con-
trolling the energizing of the drive coils ASmk, a moved magnetic field is generated in order
to move the transport unit TEn along the conveying track 2. In this way, each transport unit
TEn can be moved individually and independently along the conveying track 2 by the drive
coils ASmk being energized by a corresponding coil current in accordance with the desired
movement profile (position, speed, acceleration, route) in the region of each transport unit
TEn.

This basic functionality of a long stator linear motor is well known, and therefore it will not be
discussed in greater detail. For the subject matter of the invention, the specific structural de-
sign of the transport units TEn, the conveying segments FSm, the drive coils ASmk, the drive
magnets EMn, etc., is also irrelevant, and therefore it will also not be discussed in greater

detail.

in order to control the movement of the individual transport units TEn, a transport unit con-
troller 3 is provided in which the setpoint values S for the movement of the transport units

TEn, generally positions ps, or equally also speeds v, or propulsive forces Fy,, are generat-
ed. Of course, a plurality of transport unit controllers 3 may equally also be provided, which

are each allocated to a part of the conveyor installation 1, e.g. to a track section made up of

4-
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a plurality of conveying segments FSm, and control the movement of the transport units TEn
in this part of the track. In addition, segment control units 4 may also be provided, which are
assigned to a number of drive coils ASmk, for example to the drive coils ASmk of a convey-
ing segment FSm (or even a plurality of conveying segments FSm or a part of a conveying
segment FSm), and which convert the setpoint value settings for the associated transport
unit controller 3 for a transport unit TEn into controlled variables, for example into coil cur-
rents or coil voltages, for the drive coils ASmk of the conveying segment FSm. The segment
control units 4 could, however, also be implemented in a transport unit controlier 3. A suitable
controller that converts the setpoint value setting based on the setpoint values S into a suita-
ble controlied variable for the drive, for example into a coil current or a coil voltage, is accord-

ingly implemented in a segment control unit 4.

The desired path of the transport units TEn along the conveying track 2 can also be prede-
termined by a superordinate conveyor controller 5, in which, for example, a route calculation
(which path a transport unit TEn should take), switch arbitration (which transport unit TEn
can proceed into switch W), deadlock prevention (e.g. if two transport units TEn obstruct
each other), etc., can be carried out in order to move the transport units TEn along the con-
veying track 2 in a desired manner, e.g. in order to carry out a manufacturing process, an
assembly process, or another process. These movement settings for the transport units TEn
can be converted into setpoint value settings for the transport units TEn in the transport unit

controller 3.

The conveyor controller 5, the transport unit controller 3 and the segment control unit 4 (if
these are provided) can of course be designed to be separate (for example different pieces
of hardware and software), but of course can also be integrated in any way (sometimes, the
same hardware runs the corresponding software). Therefore, only a system controller 6 is

mentioned in the following.

The movement of the transport units TEn along the conveying track 2 is planned in advance
at least in portions, i.e. a movement profile is determined for this portion. For example, there
may be track sections of the conveyor installation 1 in which manufacturing processes, han-
dling processes, assembly processes and the like are carried out on an object transported by
a transport unit TEn. For this purpose, the transport unit TEn has to be moved in this track
section in a predetermined movement profile (e.g. position p, speed v, acceleration a). There
may also be track sections in which a transport unit TEn needs to be moved as rapidly as
possible, or has to wait for other transport units TEn, or has to be synchronized with another
transport unit or with an external movement. Of course, many more other settings are con-
ceivable for a movement profile. In addition, a certain position on the conveying track 2, in
particular on complex conveying tracks 2 having many track sections and switches W, can

often also be achieved in various ways, and this also needs to be planned.

-5
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In order to operate the conveyor installation 1 in the form of a long stator linear motor in a
simple manner, a number x21 of trigger points Tx are defined along the conveying track 2 at
defined positions Px. A functional block in the form of an executable piece of program code
Fx is assigned to a trigger point Tx, as shown in Fig.2. The program code Fx is implemented
in the system controller 6 and can be executed therein. Of course, it is also conceivable for
the executable program code Fx to be assigned to a plurality of trigger points Tx, such as in
Fig.2, in which the program code F1 is allocated to the trigger points T1 and T3. The as-
signed program code Fx is executed when a transport unit Tn passes the trigger point Tx.
This means that the same program code Fx is executed for each transport unit Tn that pass-
es this trigger point Tx. However, this also means that a piece of program code Fx is inde-
pendent of the transport units TEn. Therefore, the program code for carrying out a certain
function of the conveyor installation 1 only needs to be available once, since the same pro-
gram code Fx is used for all the transport units TEn passing the trigger point Tx. Therefore,
savings can be made in terms of memory for program code, since it is no longer necessary
to store the same program code multiple times. In addition, it is thus possible in a simple
manner to change some functionality of the conveyor installation 1 centrally for all the
transport units TEn, since only a single piece of program code Fx needs to be changed for
this purpose. The program code Fx assigned to a trigger point Tx is thus also independent of
the transport units TEn. At the same time, however, this of course also means that the pro-
gram code Fx may have to be executed multiple times in succession for various transport
units Tn, which requires more processing power in some circumstances. The processing
power required for this purpose is undoubtedly available with currently available hardware,

however.

The function of the conveyor installation 1 is planned in advance at least along a predeter-
mined track section, preferably along the entire conveying track 2, by means of the trigger
points Tx and by means of the associated program codes Fx. This means that each piece of
program code Fx for each trigger point Tx on the track section has to be created and stored
in advance. Here, ready-made program codes Fx can of course be used, which are stored in
a program-code library, for example, and/or program code Fx can also be written in an appili-
cation-related manner. In this case, a piece of program code Fx can of course likewise again
be compiled from various, preferably provided, software modules, in order to simplify pro-
gramming. The required program codes Fx are then stored in the system controller 6 in an
executable manner and are assigned to the trigger points Tx. In addition to the program
codes Fx for the trigger points, other software is of course also implemented in the system

controller 6 that is executed in parallel with the program codes Fx.

The actual positions IPn of the transport units TEn are known in the system controller 6. For

this purpose, suitable and well-known position sensors PS are usually provided in the con-

6
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veyor installation 1, that is to say along the conveying track 2, by means of which sensors the
current actual positions IPn of the transport units TEn can be detected. Since the positions
Px of the trigger points Tx along the conveying track 2 have been defined in advance and
thus are known in the system controller 6, the system controller 6 can easily determine, using
simple position comparison, whether a transport unit TEn has passed a trigger point Tx, as
shown in Fig.3 by a simple conveying track 2 comprising three trigger points T1, T2, T3. By
doing so, as a triggering event, it can be checked whether a transport unit TEn travels over a
trigger point TX, or whether a transport unit TEn is within a certain predetermined region
around a trigger point Tx. In order to determine whether a transport unit TEn has passed a
trigger point Tx, in an approximation the setpoint positions of the transport units TEn, which
are generally available in the system controller 6, could also be used instead of the actual
positions 1Pn, however. Since the movement of the transport unit TEn is controlled in the
system controller 6 (substantially by setting the setpoint positions and/or setpoint speeds in
accordance with the movement to be carried out), the system controller 6 also knows which

transport unit TEn has passed a trigger point Tx.

In Fig.3, a transport unit TEn is moved in the movement direction (indicated by an arrow)
along a conveying track 2. The actual position IPn of the transport unit TEn is detected in the
system controller 6 and position comparison is carried out to monitor whether a trigger point
Tx at the position P1 has been passed. If the transport unit TEn reaches the trigger point T1
at the position P1, the program code F1 assigned to this trigger point T1 is executed for the
transport unit TE1. If the transport unit TE1 continues moving, it reaches the next trigger
point T2 at the position P2 at some point, at which point the program code F2 assigned to
this trigger point T2 is executed for the transport unit TE1, etc. In the meantime, another

transport unit TEn can of course pass the trigger point T1 again.

In a track section of the conveying track 2 in which the conveyor 1 is operated on the basis of
this principle, at least one trigger point Tx is available at a position Px at which a piece of
program code Fx is executed by means of which a movement of a transport unit TEn is con-
trolled along a track section of the conveying track 2 in accordance with a desired movement
profile. A piece of program code Fx of this type for the movement of a transport unit TEn can
for example carry out a linear movement of the transport unit TEn, i.e. for example a move-
ment having a constant speed towards a predetermined target position. Of course, other
movement profiles on the track section are also conceivable, for example the fastest possible
arrival at a target position or the synchronization of a transport unit TEn with an external
movement, e.g. of a tool of a robot, wherein the setpoint values for the movement being ob-
tained from the external movement. Therefore, a movement profile is in principle a progres-
sion over time of a parameter of the movement, for example a speed profile or position pro-

file over time.

-7-
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Reasonably, the movement of a transport unit TEn is controlled by a piece of program code
F1 from a first trigger point T1 to a subsequent trigger point T3. {f the transport unit TEn
reaches the subsequent trigger point T3, the assigned program code F3 is executed, which
e.g. continues the movement of the transport unit TEn. In this way, the movement of the
transport unit TEn can be controlled along the entire conveying track 2, or at least along a

track section of the conveying track 2.

However, program codes are also conceivable that implement functionalities of the conveyor
1 other than carrying out a movement of a transport unit TEn. Advantageously, it may be
provided that a trigger point Ty at which a piece of program code Fy is executed that imple-
ments this additional functionality is provided in at least one position Py on the conveying
track 2. For example, at a trigger point T2 in Fig.3, something could be displayed, for exam-
ple visualized, on a display of the conveyor installation installation 1 by means of a piece of
program code F2, or a counter could be updated with which the number of transport units
TEn having a certain property (e.g. what it is transporting) is counted. There are almost no

limits to this, and everything that can be implemented by programming can be realized.

The query for a condition can also be implemented in a piece of program code Fx, and this
makes it possible to make the function to be carried out subject to a condition. In this way, a
decision can for example be made which route a transport unit TEn will take at a switch, or
said unit can be made to wait for a certain event to occur, e.g. for a processing station to
become free. There are almost no limits to this, and everything that can be implemented by

programming can be realized.

It is also possible for a trigger point Tx to be activated and deactivated. For example, the
system controller 6 or the staff operating the conveyor installation 1 could activate or deacti-
vate a certain trigger point Tx if necessary. For example, the trigger point T2 could be posi-
tioned at a switch and the system controller 6 could give the command to remove a certain
transport unit TEn from the conveying track 2 via the switch. To do this, the trigger point T2
does not have to be permanently activated, but can just be activated as needed. In this con-
text, it may also be provided that a first trigger point T1 activates or deactivates another trig-
ger point Tx, for example depending on a condition being queried. For example, the onward
movement route could be selected on the basis of a counter, e.g. one hundred transport

units go to the left, then one hundred transport units go to the right.

In an advantageous embodiment of the invention, a memory region SBn of a data memory D,
for example in the system controller 6, is assigned to each transport unit TEn in which data
specific to the transport unit TEn being stored. In this case, “specific to the transport unit
TEn” means in particular data relating to the status of the transport unit TEn, data relating to

the transported object and/or data relating to the status of the transported object. The

_8-
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memory region SBn is for example allocated when initializing the conveyor installation 1, e.g.
during start-up, and is not changed during operation of the conveyor 1. A memory region
SBn is allocated to a newly added transport unit TEn. If a transport unit TEn is removed, the
allocated memory region SBn is deallocated. In this way, it is also not necessary to assign a
unique identifier to a transport unit TEn which would have to be stored on the transport unit
TEn, since each transport unit TEn can be identified on the basis of the known actual posi-
tion IPn (or target position SPn) of a transport unit TEn alone, and the necessary data can be

read out of the memory region SBn or written to said region.

Although the memary region SBn could be located on the transport unit TEn itself, it is pref-
erably provided in the system controller 6. The system controller 6 can manage the data
memory itself and can allocated any memory region SBn, but one which is fixed following
allocation, to each transport unit TEn. Qutside the system controller 6 or the transport unit
TEn, it is not necessary to know where this memory region SBn is located (i.e. for example at
which memory address of which data memory of the system controller 6). It therefore also
does not need to be provided for a transport unit TEn to be addressed via the memory region
SBn (or the memory address thereof). Only a software function needs to be implemented,
e.g. in the system controller 6, which can read out the memory region SBn assigned to a
transport unit TEn, in particular at a trigger point Tx. In doing so the transport unit TEn, or the
allocated memory region SBn, is addressed which happens to be located at the trigger point

Tx.

Data relating to the status of the transport unit TEn may for example be the last maintenance
data, the operating hours, the distance covered, etc. Data relating to the transported object
may for example be the kind or type of object, a property of the object (e.g. color), whether
an object is even present, etc. Data relating to the status of the transported object may for
example be the fill level, the temperature, the weight, the processing state of the object, etc.
This list is of course only given by way of example and is in no way exhaustive. Of course, a

wide range of data can be stored depending on the conveyor 1 and the application.

These data for a transport unit TEn are of course continuously written to or updated in the
allocated memory region SBn during operation of the conveyor installation 1. This could
again be carried out at trigger points Tx by suitable program codes Fx, or functions in a pro-
gram code. In this way, the content of the memory region SBn always represents the current
status of the transport unit TEn. For example, in the example in Fig.2, the distance covered

by the transport unit TEn could be updated in the memory region SBn at a trigger point Tx.

At a trigger point Tx, a condition can therefore be implemented in the assigned program code
Fx that is dependent on the data specific to the transport unit TEn in the allocated memory
region SBn. This condition is checked by the program code Fx and, depending on the output

-9-
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of the check by the program code Fx, a corresponding action is carried out, for example the
onward movement of the transport unit TEn. In this way, the movement of the transport unit
TEn can be influenced by the movement profile, the type of control of the movement (e.g.
external setpoint values), or also by the selected route of the transport unit TEn. The move-
ment profile can for example be changed by the parameters of the movement, for example
by setting a new permissible maximum speed or acceleration limit, by creating a new or
adapted movement profile or any movement profile, etc. The type of control can for example
be switched from setting a target position to coupling to an external movement, etc. The

route of the transport unit TEn can for example be changed by setting a switch W.

The principle according to the invention is explained in the following on the basis of an em-

bodiment of a conveyor installation 1 with reference to Fig.4.

Fig.4 shows a conveyor installation 1 comprising a conveying track 2, along which a plurality
of transport units TEn are moved. The conveying track 2 also includes portions having a plu-
rality of paths that can be reached via switches W. The conveying track 2 is divided into a
number p21 of conveying track portions FSAp for planning the movement of the transport
units TEn, but this is not strictly necessary. Each conveying track portion FSAp has a starting
point APp and an end point EPp, as shown in Fig.4 for some conveying track portions FSAp.
A starting point APp or an end point EPp of different conveying track portions FSAp can of
course also coincide. Individual conveying track portions FSAp can be connected by switch-

es W. Likewise, conveying track portions FSAp can also partly coincide.

In Fig.4, a first conveying track portion FSA1 is defined between the starting point AP1 and
the end point EP1, by way of example. At the end point EP1, a processing station BS1 be-
gins, in which any kind of processing operations are carried out on an object transported by a
transport unit TEn. In this example, in the processing station BS1, the transport unit TEn is
moved through the processing station BS1 itself, which is why a conveying track portion
FSAp is not required in this region. At the end of the processing station BS1, another convey-
ing track portion FSA3 begins at a starting point AP3 and ends at an end point EP3. In order
to allow a higher throughput, a second processing station BS2 is provided in parallel with the
first processing station BS1, and this route via the second processing station BS2 is formed
by the conveying track portions FSA2, FSA4. In this configuration, the starting points AP1,
AP2 of the conveying track portions FSA1, FSA2 coincide, and so do the end points EP3,
EP4 of the conveying track portions FSA3, FSA4. The conveying track portions FSA1, FSA3
are interconnected by a switch W1 at the starting points AP1, AP2. The conveying track por-
tions FSA3, FSA4 overlap in part from a switch W2 at which the conveying track portions
FSA3, FSA4 are merged.
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The transported object is for example processed in the processing station BS3 by means of a
robot R, the processing being intended to be carried out during the movement of the
transport unit TEn transporting the object. To do this, a conveying track portion FSAS5 is de-
fined for the processing station BS3 on which the movement of the transport unit TEn is syn-
chronized with the external movement of the robot arm of the robot R. The movement profile
is thus externally predetermined on this conveying track portion FSAS, i.e. the controller of
the movement of the transport unit TEn on the conveying track portion FSA5 obtains the set-

point values from an external source, for example from the robot controller.

A movement profile for a transport unit TEn can be planned in advance on the conveying
track portions FSAp. It should however be noted that different movement profiles may also
be planned for different transport units TEn on a conveying track portion FSAp. A movement
profile is for example defined as a speed profile over time or distance, with a starting speed
and end speed, with accelerations (which of course also includes negative acceleration for
braking) at different times or positions, with settings relating to the jerk (time derivative of the
acceleration), etc. A setpoint value S from which a controlled variable (e.g. a coil voltage of
one or more drive coils ASmk) to be set is then calculated can then be derived from the
movement profile in each time increment of the control of the movement of the transport unit
TEn. It is however also possible that just a target position (e.g. the end position EP1) is
planned in advance and that the controller itself determines how this target position is

reached, i.e. the controller itself creates a suitable movement profile.

The objects transported by the transport units TEn are for example inspected in a processing
station BS4 on a conveying track portion FSA7. For this purpose, the transport unit TEn is

moved through the processing station BS4 by means of the conveyor instaliation 1.

In order to implement the desired function along the conveying track 2, a number x=1 of trig-
ger points Tx are defined at different positions Px. Program codes Fx that implement the de-

sired functions are assigned to said trigger points.

At the trigger point T1, the status of the conveying track portions FSA1, FSA2 can for exam-
ple be queried using the assigned program code F1 together with a condition. For example, it
may be queried as to how many transport units TEn are currently therein. A transport unit
TEn that reaches the trigger point T1 is then guided to the conveying track portion FSA1,
FSA2, in which there are fewer transport units TEn, by setting the switch W1. At the trigger
point T1, however, a status of the transport unit TEn that reaches the trigger point T1 could
itself be queried in a defined condition, for example which object (for example goods 1 or
goods 27, or object present or no object present?, or object full or empty?, etc.) is being

moved on the transport unit TEn. Depending on the result of the queried condition, the
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transport unit TEn could then be diverted to the correct conveying track portion FSA1, FSA2
in order for the processing to be carried out in the correct processing station BS1 or BS2.

At the trigger point T1, the following condition could for example be queried in the allocated

program code F1:

If object on transport unit TEn is of type A, then route A via conveying track portion FSA1.
The movement is carried out by means of the program code F1 with the movement profile
defined therein with a target position of end point EP1. If object on transport unit TEn is not of
type A, then route B via conveying track portion FSA2. The movement is carried out by
means of the program code F2 with the movement profile defined therein with a target posi-

tion of end point EP2.

A status of a processing station BS1, BS2 on the conveying track portions FSA3, FSA4 could
equally be queried by a condition. If the processing station BS1 is inoperative, for example,
then each transport unit TEn at the trigger point T1 is guided to the conveying track portion
FSA2. The program code F1 also implements the movement of a transport unit TEn on the
conveying track portion FSA1 or FSA2 in accordance with the predetermined movement pro-
file, for example as far as the next trigger point T2, T3 at the relevant entry to the processing
station BS1, BS2, which here also includes setting the switch W1. The transport unit TEn
could for example be transferred to the relevant processing station BS1, BS2 by means of

the assigned program code F2, F3 at the trigger points T2, T3.

Another trigger point T4, T5 is provided at the exit from the processing station BS1, BS2, at
which point the transport unit TEn is moved as far as the next trigger point T6 by means of
the allocated program code F4, F5. In this case, the same program code could be used for

both trigger points T4, T5, because the same movement is carried out to the same target.

At the trigger point T6, the movement mode is changed by the program code F6, since the
transport unit TEn is synchronized with an external movement at the conveying track portion
FSA5. The movement mode is changed again at the trigger point T7 at the exit from the pro-
cessing station BS3 and the transport unit TEn is moved to the entry of the processing sta-
tion BS4. At the trigger point T8 located here, the movement of the transport unit TEn may be

changed again, for example by a lower speed being implemented.

At the trigger point T9, the result of the inspection in the processing station BS4 may be que-
ried. The status of a transport unit TEn could also be queried. In the event of an undesired
status, i.e. if for example the inspection has identified a defective object or if the transport
unit TEn has to undergo maintenance, for example because the transport unit TEn has
reached a predetermined number of meters covered, said transport unit is diverted to the
conveying track portion FSA8 at the switch W3 by the program code F9 of the trigger point
T9.
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At the trigger point T9, the following condition could for example be gqueried in the allocated

program code F9:

If, for transport unit TEn, the distance covered < a predetermined value, then route A via
conveying track portion FSA9. The movement is carried out by means of the program code
F9 with the defined movement profile with a target position of end point EP9. If, for transport
unit TEn, the distance covered 2 a predetermined value, then route B via conveying track
portion FSA8. The movement is carried out with the defined movement profile with a target
position of end point EP8 to the maintenance station BS5. At the conveying track portion
FSA8, however, a movement profile has not been planned in advance, for example. if a
transport unit TEn is diverted onto this conveying track portion FSAS8, then the system con-
troller 6 creates a suitable movement profile, for example the fastest movement to a mainte-
nance station BS5 while maintaining predetermined kinematic limits (e.g. maximum accelera-

tion, jerk, etc.), and if necessary while avoiding collisions between transport units TEn.

If the transport unit TEn is removed from the conveyor installation 1 at the maintenance sta-

tion BS5, the assigned memory region SBn is preferably deallocated.

A new transport unit TEn can be loaded into the conveyor installation 1 at a loading station
ES. At the loading station ES, the memory region SBn for a new transport unit TEn is allo-
cated, for example, and then the transport unit TEn is moved from the trigger point T10 to the
trigger point T1 by means of the program code F10. In this case, the memory region SBn

could also be allocated by the program code F10 at the trigger point T10.

Of course, other trigger points Tx along the conveying track 2 are also conceivable. Solely by
way of example, the number of objects of a certain type that pass a trigger point T11 are
counted at the trigger point T11 by means of an assigned piece of program code F11, and a

display of the conveyor installation 1 is accordingly updated.

Another embodiment is explained with reference to Fig.5. In this example, two separate con-
veying tracks 2 are arranged beside one another. The conveying tracks 2 each form a closed
circuit, and two conveying track portions FSA1, FSA2 are defined on each path. The convey-
ing track portion FSA1 is used to move the transport units TEn back from the exit of a pro-
cessing station BS1 (starting point AP1, end point EP2) to the entry of the processing station
BS1 (end point EP1, starting point AP2). At the entry to the processing station BS1 (end
point EP1, starting point AP2), a trigger point T1 comprising a piece of program code F1 that
queries the status of the processing station BS1 is defined in each case. If a fault occurs, or
also if no transport unit TEn is available on the adjacent conveying track 2 at the moment,
the transport unit TEn is stopped at the trigger point T1. Otherwise, the transport unit TEn
moves into the processing station BS1. The synchronization of the movement (indicated by

the dashed line) of the transport unit TEn with a transport unit TEn in the processing station
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BS1 of the adjacent conveying track 2 is defined on the conveying track portion FSA2 as the

movement profile.

A trigger point T2 at which the movement mode of the transport unit TEn is switched is ar-
ranged at the exit from the processing station BS1. On the conveying track portion FSA1, the
transport units TEn are intended to be moved as fast as possible to the entry of the pro-
cessing station BS1 by means of the conveyor installation 1, for example as a movement
profile, and this can be defined in advance by setting a target position (end point EP1) with

maximum speed.

It would however also be conceivable for the movement from the exit from the processing
station BS1 back to the entry of the processing station BS1 not to be carried out by the con-
veyor installation 1, but instead by another conveying means, for example a conveyor belt. At
the trigger point T2, the transfer to the other conveying means could then be implemented by
means of the program code T2, for example. In this case, the conveying track 2 would be

reduced to the conveying track portion FSA2 in the processing station BS1.

For controlling the movement of a transport unit TEn, a program code Fx for example gener-
ates for a transport unit TEn the setpoint values for the movement (position and/or speed), in
each time increment of the control, typically in the range of a few milliseconds, in accordance
with the movement profile to be implemented. A piece of program code Fx can also read in
the setpoint values from another source in each time increment of the control, for example in
the case of synchronization of the movement with another movement, e.g. of a robot R. The
setpoint value is then converted into corresponding controlled variables, for example coil
voltages of the drive coils ASmk, in the system controller 6 in each time increment in accord-
ance with the implemented control. If a piece of program code Fx is used several times, this
code can of course be executed several times for different transport units TEn in a time in-

crement of the control, which is possible using available hardware and processing power.
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The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

1. A method for operating a conveyor installation in the form of a long stator linear
motor, wherein a plurality of transport units being moved along a conveying track of the
conveyor installation by a system controller, wherein a first trigger point is defined in at least
one first position on the conveying track and a first program code, which can be executed in
the system controller and with which a transport unit is moved along a track section of the
conveying track in accordance with a defined movement profile, is assigned to the first
trigger point, and this program code is executed for each transport unit that reaches the first

trigger point.

2. The method according to claim 1, wherein the transport unit is moved from the first
trigger point to a subsequent trigger point using the program code, when the subsequent
trigger point is reached the assigned program code is executed and the movement of the
transport unit is continued along the track section of the conveying track using the assigned

program code.

3. The method according to claim 1 or 2, wherein specific data regarding the transport
unit that reaches the first trigger point are checked by means of a condition defined in the
first executable program code, and, depending on the outcome of the check, the further

movement of the transport unit along the conveying track is defined.

4. The method according to claim 1, 2 or 3, wherein a memory region is allocated to
each transport unit and specific data relating to the associated transport unit are stored in
this memory region, wherein specific data regarding the transport unit located at the first
trigger point are read out at the trigger point and are checked by means of a condition
defined in the first executable program code, and wherein, depending on the outcome of the

check, the further movement of the transport unit along the conveying track is defined.

5. The method according to claim 4, wherein a unique memory region is allocated to

each of the number of transport units.
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6. The method according to claim 4, wherein a unique memory region is allocated to

each of the number of transport units when initializing the conveyor installation.

7. The method according to any one of claims 1 to 6, wherein a second trigger point is
defined in at least a second position on the conveying track and a second executable
program code that implements additional functionality of the conveyor installation is
assigned to the second trigger point, and this second program code is executed for each

transport unit that reaches the second trigger point.
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