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(57) Abrege(suite)/Abstract(continued):

In the direction of transport. Said pickers (R1 - R8) are used to fill the bulk goods into empty spaces In containers (B), transported
on at least one container conveyor (2). When the supply of bulk goods decreases or Is discontinued, the at least one picker
arranged downstream In the direction of transport of the bulk goods conveyor gives preference to containers (B) with a high filling

level. Completely empty containers are preferably no longer filled. Thus the bulk goods conveyor can be emptied within a short
period and almost all bulk goods are packed without necessitating manual filling of the containers.
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ABSTRACT

In a method for filling bulk goods (S) into containers (B) designed to
accommodate a certain number of bulk 1items, at least one bulk goods conveyor (1) is
used to transport the bulk goods (S) towards at least two pickers(R1 - R8) which are
consecutively arranged 1n the direction of transport. Said pickers (R1 - R8) are used to
fill the bulk goods into empty spaces in containers (B), transported on at least one
container conveyor (2). When the supply of bulk goods decreases or is discontinued,
the at least one picker arranged downstream in the direction of transport of the bulk
goods conveyor gives preference to containers (B) with a high filling level. Completely
empty containers are preferably no longer filled. Thus the bulk goods conveyor can be
emptied within a short period and almost all bulk goods are packed without

necessitating manual filling of the containers.
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METHOD FOR FILLING CONTAINERS WITH PIECE GOODS

Technical Field

The invention relates to a method for filling containers with piece goods.

Description of the Prior Art

Piece goods, which are delivered from production systems via supply

conveyors to a packaging line can be placed into the pfovided containers in a fully

automatic fashion by means of robots. EP 0 250 470 has disclosed robots of this kind,

also referred to as pickers or delta robots, which are suitable for use 1in packaging lines.
It concerns a robot with a base body, which 1s linked by means of three two-part arms
to a working part on which grippers or suction elements are provided. US 6 543 987
and US 6 896 473 have disclosed further developments in which the delta robot has a

fourth axis that can be changed in'length. In lieu of delta robots, there are also other

suitable pick & place robots, for example the so-called Scara robot or the 6-axis robot.

Usually, piece goods and containers are transported on two or more supply

conveyors extending parallel to one another; as the conveyors move continuously or

incrementally, the pickers pick up the piece goods individually or in groups and place

them 1nto the containers.
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[0006] EP 0 749 902 A describes a system 1n which the piece goods and the containers
are transported in a parallel flow, i.e. parallel and in the same direction to each other.
EP 0 865 465 A discloses a system using the countertlow principal, 1.e. the container
conveyors do 1n fact extend parallel to the piece goods conveyor, but in the opposite

direction from the conveying direction of the piece goods conveyor.

10007] EP 1285 851 A proposes a method for increasing the service life and maximum
duration of use of picker robots that are used along such picker lines, employing the
parallel tlow or counterflow principal. To accomplish this, the robots are controlled as a
function of the arrangement of piéce goods on the supply conveyor so that they are

utilized as consistently as possible and are not subjected to intense power fluctuations.

10008] In EP 1 352 831 A, the relative speed between the supply of the containers and
the supply of the piece goods is cdntrolled in the region of the picker line. The control
of the relative speed here is carried out as a function of a fill level of at least one
storage element. This method permits an efficient transfer of piece goods into

containers while also assuring the most complete possible filling.

10009] All of these methods, however, concern the normal operation of the system. It
1s always assumed that enough piece goods are supplied and that a shortage is rectified
as soon as possible. At the end of production, e.g. in the event of a product change or
format change, but also when the system is being cleaned or in the event of an
unexpected breakdown in the piece goods production system, there are too few piece
goods waiting on the supply conveyor to allow all of the containers on the container

conveyor to be filled completely. Usually, the problem lies in the fact that at the time



CA 02656304 2008-12-29

that the production process is stopped, the number of products still on the piece goods
conveyor does not coincide with the number of placement positions or slots that remain
to be filled in the container. But with the counterflow principal in particular, which also
involves the products “traveling away” from the containers that remain to be filled,

many of the containers are already partially filled. It is then no longer possible to fill

these partially filled containers.

In the final control, incompletely filled containers are separated out as
insufficiently meeting quality requirements, usually by means of a scale, and must be
filled by hand or disposed of as waste. In addition, the last piece goods remaining on
the piece goods conveyor must be cleared out by hand and disposed of. The quantity of
rejected product is not insignificant. This also requires a sufficient amount of available
personnel. If critical piece goods such as sponge cakes are being packaged, then 1t 1s
not permissible for the partially filled containers to remain unprocessed for too long.
This changeover procedure is time-consuming, particularly with frequent product

changes, and reduces the productivity of the system.

Object and Summary of the Invention

The object of the invention, therefore, is to create a method, which permits a
fully automatic and optimized distribution of the piece goods remaining on the supply
conveyor into the containers, or more precisely into the placement positions, in the

event of an end of production, a shortage of piece goods, or some other interruption in

the production.
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In the method according to the invention for placing piece goods into placement
positions, in particular containers, that accommodate a certain filling number of piece
goods, the piece goods are supplied on at least one piece goods conveyor to at least two
pickers situated one after the other in the conveying direction in order to be placed by

means of these pickers into empty slots of the placement positions, in particular

containers, that are supplied on at least one container conveyor. When the replenishing
supply of piece goods decreases or fails to appear, the pickers work with a filling
strategy that i1s changed in comparison to a normal operation in order to avoid partially
filled placement positions, in particular containers, as much as possible. In other words,

the pickers functions so that completely filled and entirely empty placement positions,

in particular containers, leave the system, but no partially filled placement positions, in

particular containers, or hardly any of them.

In one variant of the according to the invention, the at least one picker situated
upstream in the conveying direction of the container conveyor preterably fills

containers with a high filling level. Completely empty containers are preferably no

longer filled.

It 1s therefore possible, within an extremely short period of time, to produce as
many completely filled containers as possible using the piece goods remaining on the
piece goods conveyor and to package as close as possible to all of the piece goods. This
entails acceptance of the fact that between the filled containers, the container conveyor

will also transport away individual empty containers for further processing. These
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empty containers can be removed from the turther processing without requiring

disposal of piece goods or their transfer to other containers.

|0017] Alternatively or in addition to the above-mentioned variant, the at least one
picker situated downstream 1n the conveying direction of the container conveyor
preferably transfers piece goods of one partially filled container into another partially
filled container. In this case, the decision as to whether piece goods should be taken
from or placed into a first container preferably takes into account the number of piece
goods 1n this first container and the sum of all piece goods in other containers
simultaneously situated in the working range of the at least one upstream picker.
Usually, 1t there are enough piece goods remaining in the other containers to
completely fill the first container, then the first container is filled. If there are not
enough piece goods in the other containers to completely fill the first container, then
the piece goods are removed from the first container. The first container is preferably
the container within the working range that is situated the farthest downstream in the
conveying direction of the container conveyor, i.e. the container that will be the first to

ex1t the container conveyor.

[0018] Tests have shown that it is possible to empty out a piece goods conveyor within
a few minutes, in particular within 10 minutes. It is no longer necessary to complete the
filling of the containers by hand. Hardly any piece goods remain on the piece goods

conveyor, 1deally, fewer than are required to completely fill one container. It takes

hardly any time at all to then clear out the piece goods conveyor.
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Preferably the operation is carried out at a reduced conveyor speed. It can,

however, also be carried out at full conveyor speed, at a high conveyor speed, or at a

continuously decreasing speed.

Brief Description of the Drawings

A preferred exemplary embodiment of the subject of the invention, will be

explained below in conjunction with the accompanying drawings, in which

Fig. 1 is a schematic depiction of a part of a packaging system with container

conveyors, piece goods conveyors, and a plurality of robots, during normal operation

according to the prior art, using the counterflow principle;

Fig. 2 shows the packaging system according to Fig. 1, shortly after the end of

production;

Fig. 3 shows the packaging system according to Fig. 1, at a later point 1n time;

Fig. 4 shows the packaging system according to Fig. 1, after all of the piece

goods have been packaged; and

Fig. 5 is a schematic depiction of a part of a packaging system according to the

invention, with container conveyors, piece goods conveyors, and a plurality of robots,
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after the end of production, which functions in accordance with the counterflow

principal.

Description of the Preferred Embodiments

Fig. 1 schematically depicts a packaging system of a known type. It has one or
more conveyors 1, 2 for containers B and piece goods S, sections of which preferably

extend parallel to one another and in a horizontal plane, at least in some sections.

In the case of the piece goods or individual products, the conveyors 1, 2 are
preferably endlessly revolving conveyor belts or in the case of the containers, the
conveyors 1, 2 are endlessly revolving driver chains. It 1s, however, also possible to use
other known conveyor types. In the example shown here, one horizontally extending
piece goods conveyor | and two horizontally extending container conveyors 2 are
provided. The container conveyors 2 are situated on both sides of the piece goods
conveyor 1 and preferably extend in the same plane as the piece goods conveyor 1. The
transport or conveying directions of the individual conveyors 1, 2 are indicated by large

black arrows. In this example, the system functions in accordance with the counterflow

principal.

Individual grasping units R1 — R8 are situated in sequence along the conveying

section. The grasping units are preferably picker robots, in particular delta robots of the
type mentioned at the beginning, which can pick up piece goods individually and place
them into the containers. It 1s also possible, however, to use other grasping and

transterring units, provided that they are able to execute the required movements
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described below. Preferably, the grasping elements of the grasping units are able to
move within a range 1in two-dimensional and preferably three-dimensional space.
Depending on the type of piece goods to be packaged, it is also possible to use grasping

units that are able to pick up the piece goods in groups and place them together into the

containers.

[0032] The number of robots to be used depends on the desired capacity of the system
and 1s not essential to the invention here. The only Iimitation to their number 1s that
there must be at least two of them. Depending on the arrangement and number of
conveyors, 1t 1s also possible for the pickers R1 through R8 to be distributed in a
different way. They can, for example, all be situated on one side of the transport
section. They can also be lined up on two opposite sides of the transport section; in this
case, they can each have a neighboring picker situated directly opposite them or they
can each be situated offset from the opposing pickers. In the example shown here, four
robots are situated on each side: the robots R1 through R4 on a first side along a first
container conveyor 2 and the robots R5 through R8 on the second side along a second
container conveyor 2. The individual robots are essentially identical. Their working
ranges K are each depicted with a respective circle. The circles K can also overlap one

another or be spaced apart from one another.

|0033] The robots R1 through R8 are connected to one another via a central control

unit RS. In the figures, only the data lines from the robots R1 through R4 to the control
unit RS are shown. Naturally, the remaining robots R5 through R8 are also connected

to the central control unit. The robots R1 through R8 can also be connected to one
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another directly in addition to or in lieu of their individual lines leading to the control

unit.

[0034] If robots are used, then usually, the central control unit only provides them with
the information relating to the fill level of the individual containers and the
arrangement of piece goods on the piece goods conveyor 1. The decision as to which
piece goods item the respective robot will pick up next and which container it will be
placed 1nto 1s handled by the local robot control unit itself. This decision, however, is
communicated to the central control unit RS in order to thus inform the other robots. So
that these pieces of information can be exchanged with the least possible amount of
calculation etffort and therefore with the greatest possible speed, the whole product belt
and the containers are preferably divided into one or more matrices or vectors for use in
queues, with each possible position occupying a position in the matrix or being stored
In the vectors. The positions, i.e. the x/y coordinates, of all piece goods are recorded by
means of image processing. The strategy according to which the robot decides which
piece goods item it should pick from those situated within the working range is
essentially based on a queue that is established in accordance with certain criteria (e.g.
distance of the individual products from a virtual line in the working range). In this
context, 1t 1s immaterial whether the piece goods are transported on the piece goods
conveyor in a sorted fashion or an unsorted fashion. To be precise, the position of the
actual piece goods is optically detected, preferably at the upstream or starting end of the
piece goods conveyor, and transmitted to the central control unit RS. It is also possible,

but not necessary, to repeat the optical detection of the fill level of the containers at

predetermined positions during their transport and to convey this information to the
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central control unit RS. Other types of product detection and control of the robots are

possible.

|0035] During normal operation, which is shown 1n Fig. 1, the piece goods conveyor 1
1s sufficiently stocked with piece goods S so that all of the containers B can be
completely filled. The filling can be carried out using an extremely wide range of
filling strategies. Preferably, the strategy described in EP 1 285 851 is used. In addition,
in the counterflow method, those robots within whose working circles K a very large
number of piece goods are situated, i.e. which are situated toward the upstream end of
the piece goods conveyor, selectively give preference to filling individual holes in the
already partially filled containers. But the robots past which a sparse number of piece
goods flows, 1.e. robots which are situated toward the downstream end of the piece
goods conveyor, only attempt to fill every container as well as possible, preferably
evenly. In all instances, the fill level of the individual containers B continuously
increases during transport through the filling section. This achieves the highest possible
efficiency and packaging capacity of the system during normal operation. In this mode,
only piece goods from the piece goods conveyor or optionally from a piece goods
hopper, are placed into the containers. During normal operation, there is no transfer of

piece goods within or between the containers.

[0036] If there is a subsequent stoppage or dramatic decrease in the piece goods flow

or product flow, then this is detected by the optical detection unit at the entry end of the
supply conveyor or by the central control unit RS. If the flow of piece goods does not
Increase again after a predetermined interval of time, then the central control unit RS

switches to the filling strategy acéording to the invention. The goal of the novel filling

10
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strategy 1s to prevent — to the greatest extent possible — containers that are only partially
filled from exiting the system. This change 1n the strategy can also occur directly in the
individual robots as soon as they have been notified of a drop in the number of piece
goods that last longer than a predetermined time or 1f the incoming number of piece
g00ds remains below a minimum value over a predetermined interval of time. The

minimum value can be the same or different for the individual robots.

0037} If at a later point, more piece goods arrive into the packaging section on the
piece goods conveyor, then the central control unit or the individual robots will

automatically switch back to normal operation.

[0038] The filling strategy according to the invention for approximately complete
emptying of the piece goods conveyor belt occurs as follows:

The conveying speeds of the piece goods conveyor and the container conveyors are
reduced, for example, to 60% 1n comparison to normal operation. The robots situated
downstream change their filling strategy so that now, they give preference to filling
containers that are almost full. In other words, these robots essentially do what the
upstream robots have been doing during normal operation; by contrast with them,
however, they 1gnore empty containers and no longer attempt to fill them. Remember:
during normal operation, the downstream robots have given preference to the
containers that were filled the least, in order to achieve the most uniform possible
increase in the fill level of the containers and therefore to achieve the most constant
possible conveying speed of the container transport. In the changed strategy, the robot
or robots situated the farthest upstream begin(s) to transfer piece goods from one

container into another container. This transfer process is indicated by small arrows in

11
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Figs. 2 and 3. As a result, essentially only completely filled and completely empty

containers exit the filling section, as shown 1n Fig. 4.

[0039] In a preferred variant of the method, the at least one robot, which transfers the
piece goods from one container into the other, counts and takes into consideration the
number of piece goods in the first container and the sum of all piece goods in the
subsequent containers that are situated within its working circle K. If there are enough
piece goods in the subsequent containers to fill the first container, then the robot fills it
by transferring these piece goods from the subsequent containers to the first container.
[f there are not enough piece goods, then if possible, the robot takes all of the piece
goods from the first container and transfers them into subsequent containers. If it can
use a piece goods item from the piece goods conveyor in order to fill a container even
more completely, then it takes piece goods from the piece goods conveyor as well, but
does not give preference to doing so. If there are too many piece goods in the
containers in order to completely empty or completely fill the containers situated within
the working circle K of the last robot(s), then these surplus piece goods are placed back

onto the piece goods conveyor 1n order to be picked up again further downstream.

|0040] During the emptying procéss, pickers that are situated between a picker situated
the farthest downstream and a picker situated the farthest upstream preferably switch
from the filling strategy of the picker farthest downstream to the filling strategy of the
picker farthest upstream, depending upon the amount of piece goods still on the piece

goods conveyor. In other words, first, they fill the containers and at the end, when there

are almost no piece goods left on the piece goods conveyor, they rearrange the piece

12
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goods 1n the containers. In this context, they can all change their filling strategies 1n

unison or they can change their filling strategies one after another.

(0041] During the emptying process, 1t 1s also possible for all of the pickers or at least
the pickers situated the farthest upstream to take piece goods from already partially

filled containers and put them back onto the piece goods conveyor.

[0042] This emptying process requires only a few minutes 1n order to empty the piece
goods conveyor to the greatest possible extent and to allow the containers to exit the
container conveyor 1n either the completely filled or the completely empty state. This

situation 1s shown 1n Fig. 4.

10043] The method according to the invention has been explained 1n conjunction with
a system working in counterflow. It can also be used, however, 1n a system that
operates with parallel flow, as shown 1n Fig. 5. In this case, the upstream robots
primarily give preference to the full containers and continue to place individual piece
goods 1nto them. The robots situated downstream then almost exclusively transfer the
piece goods situated 1n only partially filled containers into other containers. In the
parallel flow method, the probability that a product will still be on the piece goods
conveyor 1s lower for the robots situated downstream. In this case, the middle robots
first adopt the strategy of the upstream robots and then adopt the strategy of the

downstream robots, depending on how many piece goods are still present in their

vicinity.

13
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If one compares the above-described strategies in the emptying of the system in
the case of the counterflow and in the case of the parallel flow, it is evident that in both
cases, the transfer process occurs in the containers that exit the container conveyor first,
i.e. the containers situated the farthest downstream in the conveying direction of the
container conveyor, while the containers that come into the system last, 1.¢. the
containers situated the farthest upstream in the conveying direction of the container

conveyor, are either filled as completely as possible or are completely emptied.

Diverse variants of the method are possible. In parallel flow, it is also possible
to use the same conveyor as a piece goods conveyor and a container conveyor. In this
case, the piece goods can also be resorted or grouped on the same belt. In heu of
containers, it is also possible for items to be placed into cavities or partitioned
compartments of chains or 1nto other placement positions. In addition, the piece goods
do not have to be placed next to one another, but can also be stacked on top of one
another. When the term “containers” is used 1n the text and in the claims, this 1s also

intended to mean and include other types of definite placement positions.

In one variant of the method, the number of piece goods remaining on the piece
goods conveyor is monitored and if this number falls below the number required to
completely fill a container, then the piece goods are no longer picked, but are 1nstead
discharged in a controlled fashion’, for example at the end of the piece goods conveyor.

Consequently, they do not have to be removed from a container by hand.

The foregoing relates to the preferred exemplary embodiments ot the invention,
it being understood that other variants and embodiments thereof are possible within

the spirit and scope of the invention, the latter being defined by the appended claims.

14
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CLAIMS:

1. A method for inserting piece goods into placement positions in containers, that
accommodate a certain fill number of piece goods, comprising the steps of:

supplying the piece goods on at least one piece goods conveyor to at least two
pickers situated one after another in a conveying direction in order;

inserting the piece goods by means of the at least two pickers into empty
placement positions in containers which are supplied on at least one container conveyor;

working the at least two pickers during a normal operation according to a filling
strategy; and

changing the filling strategy of at least one of the at least two pickers in
comparison to a normal operation when a supply of piece goods decreases or fails to
appear in order to avoid partially filled containers and permit the occurrence of

completely empty containers.

2. The method as recited in claim 1, wherein the step of changing the filling strategy
comprises the step of having at least one picker situated upstream in a conveying direction
of the at least one container conveyor filling containers that have a high fill level and no

longer filling completely empty containers.

3. The method as recited in claim 1, wherein at least one picker situated downstream
in a conveying direction of the at least one container conveyor transfers piece goods from

one partially filled container into another partially filled container.

4. The method as recited in claim 3, wherein the at least one picker situated
downstream in the conveying direction of the at least one container conveyor places piece

goods transported on the at least one piece goods conveyor into the containers.

5. The method as recited in claim 3, wherein pickers that are situated between a
picker situated farthest upstream in the conveying direction of the at least one container

conveyor and a picker situated farthest downstream switch from the filling strategy of the

picker farthest upstream to the filling strategy of the picker farthest downstream,

15
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depending upon the amount of piece goods remaining on the at least one piece goods

CONveyor.

6. The method as recited in claim 3, wherein a decision as to whether piece goods arc
taken from a first container or placed into the first container takes into account the
number of piece goods in the first container and the sum of all piece goods 1n other
containers simultaneously situated in a working range of the at least one picker situated

downstream in the conveying direction of the at least one container conveyor.

7. The method as recited in claim 6, wherein the first container 1s the container
within the working range that is situated farthest downstream in the conveying direction

of the at least one container conveyor.

8. The method as recited in claim 6, wherein the at least one picker situated
downstream in the conveying direction of the at least one container conveyor places piece

goods transported on the at least one piece goods conveyor into the containers.

9. The method as recited in claim 6, wherein if there are enough piece goods 1n the
other containers to completely fill the first container, then the first container 1s filled, but
if there are not enough piece goods in the other containers to completely fill the first

container, then the piece goods are removed from the first container.

10. The method as recited in claim 9, wherein the first container is the container

within the working range that is situated farthest downstream 1n the conveying direction

of the at least one container conveyor.

11. The method as recited in claim 9, wherein the at least one picker situated
downstream in the conveying direction of the at least one container conveyor places piece

goods transported on the at least one piece goods conveyor into the containers.
12.  The method as recited in claim 11, wherein pickers that are situated between a

picker situated farthest upstream in the conveying direction of the at least one container

conveyor and a picker situated farthest downstream switch from the filling strategy of the

16
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picker tarthest upstream to the filling strategy of the picker farthest downstream,
depending upon the amount of piece goods remaining on the at least one piece goods

CONveyor.

13. The method as recited in claim 1, wherein the piece goods are taken from already

partially filled containers and placed back onto the at least one piece goods conveyor.

14.  The method as recited in claim 1, wherein the at least one piece goods conveyor

and the at least one container conveyor operate at full speed or at a reduced speed.

15.  The method as recited in claim 1, wherein the conveying direction of the at least
one piece goods conveyor extends parallel to, but in an opposite direction from the

conveying direction of the at least one container conveyor.

16.  The method as recited in claim 1, wherein the conveying direction of the at least
one piece goods conveyor extends parallel to and 1in a same direction as the conveying

direction of the at least one container conveyor.

17.  The method as recited in claim 1, wherein a horizontally extending conveyor belt

1s used as the at least one piece goods conveyor.

18. A method for inserting piece goods into placement positions 1n containers, that
accommodate a certain fill number of piece goods, comprising the steps of:

supplying the piece goods on at least one piece goods conveyor to at least two
pickers situated one after another in a conveying direction in order;

inserting the piece goods by means of the at least two pickers into empty
placement positions in containers which are supplied on at least one container conveyor;

working the at least two pickers during a normal operation according to a filling
strategy; and

changing the filling strategy in comparison to a normal operation when a supply of
piece goods decreases or fails to appear in order to avoid partially filled containers,

wherein the step of changing the filling strategy comprises the step of having at least one

picker situated upstream in a conveying direction of the at least one container conveyor

17
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filling containers that have a high fill level and no longer filling completely empty
containers, and wherein at least one picker situated downstream in the conveying
direction of the at least one container conveyor transfers piece goods from one partially

filled container into another partially filled container.

19.  The method as recited in claim 18, wherein a decision as to whether piece goods
are taken from a first container or placed into the first container takes into account the
number of piece goods in the first container and the sum of all piece goods in other
containers simultaneously situated in a working range of the at least one picker situated

downstream in the conveying direction of the at least one container conveyor.

20.  The method as recited in claim 19, wherein if there are enough piece goods 1n the
other containers to completely fill the first container, then the first container 1s filled, but
if there are not enough piece goods in the other containers to completely fill the first

container, then the piece goods are removed from the first container.

18
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