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METHOD FOR EQUIPPING PRINTED
CIRCUIT BOARDS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims benefit of German
applicationno. 102014 116 879.8, filed on Nov. 18,2014, the
entire contents of which are incorporated herein by reference.

TECHNICAL FIELD OF THE INVENTION

[0002] The present invention relates to a method for equip-
ping printed circuit boards of a first length on an equipping
machine, the equipping machine being realized to equip
printed circuit boards of a second length. In this case, the
second length is more than twice as great as the first length.
The equipping machine has an input section and an equipping
station, the equipping station being disposed after the input
section in a direction of conveyance of the printed circuit
boards. The printed circuit boards of the first length and the
printed circuit boards of the second length are transportable,
in the direction of conveyance, from the input section into the
equipping station.

BACKGROUND OF THE INVENTION

[0003] It is known that, on an equipping machine, printed
circuit boards are equipped with electronic components such
as, for example, resistors, capacitors, diodes. For this pur-
pose, conventional equipping machines have a conveying
means, by means of which a printed circuit board can be
transported, along its longitudinal direction, from an input
section to an equipping post of an equipping section. At the
equipping post, the printed circuit board is positioned pre-
cisely and fixed temporarily, at least for the duration of the
equipping operation. In the equipping operation, electronic
components provided from a stock are taken from the stock
by an equipping unit and disposed on the printed circuit
board. After the equipping operation, the fixing of the printed
circuit board is removed, the printed circuit board is trans-
ported out of the equipping section, and a subsequent printed
circuit board is transported from the input section to the
equipping post. The time required for transporting this
unequipped printed circuit board to the equipping post is also
referred to as changeover time.

[0004] In a subsequent process after the equipping opera-
tion, the electronic components are fixed to the printed circuit
board, e.g. by soldering, in such a manner that the electronic
component is electrically connected to the printed circuit
board. Conventional equipping machines are realized to
equip differing printed circuit boards of differing dimensions,
such as, for example, width and/or length. A maximum length
of a printed circuit board that can be equipped on an equip-
ping machine is defined in this case by a length of the input
section and of the equipping section of the equipping
machine. In the case of printed circuit boards of a length that
is less than half of the maximum length printed circuit board
that can be equipped on the equipping machine, there is the
problem that, following the removal of the equipped printed
circuit board for the next printed circuit board to be equipped,
it is necessary to travel a transport path, between the input
section and the equipping post, that is at least twice the length
of the corresponding printed circuit board, the transport path
ideally corresponding to the length of the printed circuit
board. Owing to this transport path that is relatively long in
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relation to the length of the printed circuit board, the
changeover time of the printed circuit boards is greater than in
the ideal case. As a result of this, production capacity of the
equipping machine is significantly reduced.

[0005] Known from the EP patent application 1 863 330 is
an equipping machine having a transport system that is real-
ized to receive and temporarily store a group of printed circuit
boards on a storage means. A storage means, loaded with a
group of printed circuit board, can be moved in an equipping
region of the equipping machine for the purpose of equipping.
Such a transport system has the disadvantage that only with
large investment costs can it be implemented in a conven-
tional equipping machine. Furthermore, an equipping means
of the equipping machine is inactive for the duration of
receiving the individual printed circuit boards on the storage
means, such that this results in relatively long dead times
between completion of the equipping of printed circuit boards
of one group and the start of equipping of printed circuit
boards of a subsequent group.

[0006] An equipping machine for printed circuit boards,
having a transport system, is known from the EP patent 1 535
502. The equipping machine has an input section, an equip-
ping section and an output section. A sensor arrangement is
intended to ensure that transport of a printed circuit board that
has just been equipped, from the equipping section into the
output section, is effected at the same time as transport of an
unequipped printed circuit board from the input section into
the equipping section. The patent EP 1 535 502 does not deal
with the problem of how printed circuit boards of differing
length are to be transported within the equipping machine.
Furthermore, such an equipping machine requires a multi-
plicity of additional sensors, such that retrofitting of a con-
ventional equipping machine with these sensors requires high
investment costs.

SUMMARY OF THE INVENTION

[0007] It is therefore the object of the present invention to
remedy the disadvantages, described above, of a known
equipping machine, at least partially. In particular, it is the
object of the present invention to provide a method for equip-
ping printed circuit boards of a first length on an equipping
machine for equipping printed circuit boards of a second
length, the first length being less than half of the second
length, which method has shorter changeover times for the
printed circuit boards, in comparison with conventional
methods.

[0008] Theaboveobjectis achieved by amethod having the
features of Claim 1. Further features and details of the inven-
tion are given by the dependent claims, the description and the
drawings.

[0009] According to a first aspect of the invention, the
object is achieved for a method for equipping printed circuit
boards on an equipping machine, the printed circuit boards
being of a first length and the equipping machine being real-
ized to equip printed circuit boards of a second length, the
second length being more than twice as great as the first
length. The equipping machine has an input section and an
equipping section, the equipping section being disposed after
the input section in a direction of conveyance of the printed
circuit boards, the printed circuit boards of the first length and
the printed circuit boards of the second length being trans-
portable, in their longitudinal direction, from the input sec-
tion into the equipping station. The method has the following
method steps:
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[0010] transporting a first printed circuit board of first
length out of the input section and into the equipping
section;

[0011] disposing the first printed circuit board on an
equipping post of the equipping section;

[0012] transporting at least one second printed circuit
board of first length out of the input section and into a
buffer region of the equipping section, the buffer region
being disposed between the equipping post and the input
section;

[0013] fixing the first printed circuit board to the equip-
ping post in a releasable manner;

[0014] equipping the first printed circuit board;

[0015] releasing the fixing of the first printed circuit
board;

[0016] transporting the first printed circuit board out of

the equipping section; and
[0017] transporting a second printed circuit board, which

is disposed adjacently to the equipping post, out of the

buffer region and on to the equipping post.
[0018] Printed circuit boards used in the method have a
length, a width and a thickness, the length of the printed
circuit boards extending, by definition, parallelwise in rela-
tion to a direction of transport of the printed circuit boards.
The first printed circuit board and the second printed circuit
boards are preferably realized identically. A distinction
between a first printed circuit board and second printed circuit
boards serves merely to aid understanding of the invention.
[0019] Execution of the method according to the invention
requires at least one equipping machine, or automatic equip-
ping machine, that is realized to equip printed circuit boards
of'a second length. The second length is a maximum length
that a printed circuit board may have to enable it to be
equipped by the equipping machine. The second length is
determined substantially by a length of the equipping section.
[0020] Furthermore, execution of the method according to
the invention requires printed circuit boards that have a first
length, the first length being less than half of the second
length, such that, instead of a printed circuit board of the
second length, at least two printed circuit boards of the first
length can be disposed, at a distance from each other, in the
equipping section.
[0021] An input section is a region of the equipping
machine in which printed circuit boards to be equipped can be
provided. The input section is disposed next to the equipping
section, such that a printed circuit board is transportable from
the input section and into the equipping section, in the direc-
tion of transport, and thus in the direction of the length of the
printed circuit board.
[0022] In the transporting of the first printed circuit board
of first length out of the input section and into the equipping
section, the first printed circuit board is moved in the direction
of transport by a transport means, and in this case passes
through the buffer region.
[0023] Inasubsequent step, the first printed circuit board is
disposed at the equipping post of the equipping station. The
equipping post is the post at which the printed circuit board is
disposed during the equipping operation. In the disposing of
the printed circuit board at the equipping post, the printed
circuit board is preferably positioned with precision in rela-
tion to the equipping machine, such that the equipping means
of the equipping machine can dispose the electronic compo-
nents exactly on the printed circuit board, without the need for
an elaborate sensor system.
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[0024] The transporting of the at least one second printed
circuit board of first length out of the input section and into the
buffer region is preferably effected simultaneously with the
transporting of the first printed circuit board of first length out
of the buffer region and into the equipping section.

[0025] The buffer region is a region of the equipping sec-
tion in which, in the case of printed circuit boards of the first
length, no equipping is effected. Accordingly, in the case of
the equipping of printed circuit boards of second length, there
is no buffer region, since such printed circuit boards extend
substantially over the entire length of the equipping section.
[0026] In the releasable fixing of the first printed circuit
board to the equipping post, the preferably precisely posi-
tioned printed circuit board is fixed relative to the equipping
machine, e.g. by means of a clamping device, in order to
prevent a relative movement of the printed circuit board in
relation to the equipping machine and an associated change of
position of the printed circuit board relative to the equipping
machine during the equipping operation. Such a change of
position may result, for example, in incorrect equipping and/
or in damage to the printed circuit board and/or to the elec-
tronic components. Alternatively, the first printed circuit
board may also be fixed in a releasable manner to the transport
device during transport, the transport device being lockable
relative to the rest of the equipping machine, such that further
fixing to the equipping post, and release of the printed circuit
board after the equipping operation and before further trans-
port, are not required in this alternative.

[0027] In the transporting of the first printed circuit board
out of the equipping section, the first printed circuit board is
moved in the direction of transport by the transport means.
[0028] The transporting of the second printed circuit board
out of the buffer region, to the equipping post, is preferably
effected at the same time as the transporting of the first printed
circuit board out of the equipping section. In this way, the
changeover time is optimized further.

[0029] The method according to the invention for equip-
ping printed circuit boards of first length has the advantage, in
comparison with known methods, that the changeover time of
a conventional equipping machine realized for printed circuit
boards of second length can be reduced significantly, since,
after the equipping of a first printed circuit board, a second
printed circuit board is already disposed next to the equipping
post, and consequently only has to be transported a short
distance to the equipping post. As a result of this time saving,
the production capacity of a conventional equipping machine
can be increased without a large amount of effort, such as, for
example, conversion measures on the equipping machine,
and associated investment costs.

[0030] Preferably, a maximum number of second printed
circuit boards that can be disposed in the buffer region is
determined in dependence on the first length of the second
printed circuit boards, a length of the buffer region and a
defined distance between adjacent second printed circuit
boards in the buffer region, and only so many second printed
circuit boards are transported into the buffer region that this
maximum number is not exceeded. This has the advantage
that a collision of printed circuit boards cannot occur within
the equipping section.

[0031] Further, it may be provided, in the case of a method
according to the invention, that a desired equipping perfor-
mance of the equipping machine, and a number of second
printed circuit boards to be moved into the buffer region, is
determined in dependence on the desired equipping perfor-
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mance of the equipping machine and the maximum number
of second printed circuit boards that can be disposed in the
buffer region, and a corresponding number of second printed
circuit boards is transported out of the input section and into
the buffer region of the equipping section. A desired equip-
ping performance of the equipping machine is a target quan-
tity of the production capacity of the equipping machine. The
desired equipping performance is obtained, for example,
from a production performance of further devices, or
machines, that are disposed in a production series with the
equipping machine. This has the effect, advantageously, that
transport of second printed circuit boards into the buffer
region is effected only in dependence on an actual require-
ment of an increase in the production capacity of the equip-
ping machine.

[0032] Preferably, at least one of the second printed circuit
boards is fixed in a releasable manner in the buffer region. The
second printed circuit board is thus secured against a change
of position during the equipping of the first printed circuit
board. For this purpose, the equipping section has a fixing
device such as, for example, a clamping device, which is
realized to simultaneously fix printed circuit boards disposed
in the equipping section.

[0033] Further, preferably, at least one second printed cir-
cuit board transported into the buffer region is aligned inside
the buffer region, before being transported into the equipping
post. This facilitates, or optimizes, subsequent disposing of
the second printed circuit board in the equipping post. This
can result in a saving of time, and consequently in an increase
in the production capacity of the equipping machine. Align-
ing, in the sense of the invention, is also understood to mean
approaching a specific position.

[0034] It is preferred that the equipping post be disposed at
an end of the equipping section that faces away from the input
section. The size of the buffer region is thus maximized.
Moreover, the length of a transport path from the equipping
post to an output of the equipping machine is thus minimized,
such that an equipped second printed circuit board can be
transported rapidly out of the equipping section.

[0035] According to a preferred further development of a
method according to the invention, the equipped first printed
circuit board is transported out of the equipping section and
into an output section. The output section is preferably real-
ized as part of the equipping machine, and is realized for
collecting, or buffering, equipped printed circuit boards.

[0036] It is advantageous if the second printed circuit
boards are disposed at a distance from each other in the buffer
region. In this way, a collision of adjacent printed circuit
boards can be prevented, and a process reliability of the
equipping machine thus increased further.

[0037] Preferably, a presence and/or position of the first
printed circuit board and/or of at least one second printed
circuit board in the equipping section is monitored and, in the
case of absence or an incorrect position of a first printed
circuit board and/or second printed circuit board, a corre-
sponding first printed circuit board and/or second printed
circuit board is transported into the corresponding post in the
equipping station, or the position of the respective first printed
circuit board and/or second printed circuit board is corrected.
Such a monitoring is preferably performed by means of a
sensor, in particular an optical sensor, such that the monitor-
ing can be automated. This has the advantage that an error
such as, for example, the absence or an incorrect position of a
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printed circuit board can be remedied automatically, without
this necessarily resulting in a delay in production.

[0038] Particularly preferably, in the disposing of the first
printed circuit board at the equipping post, the first printed
circuit board is conveyed into an operative region of at least
one aligning means. An aligning means has, for example, a
stop point for the printed circuit board, against which the
printed circuit board can be moved. Accordingly, the aligning
means is preferably realized as a stop means. The aligning
means may also have a sensor such as, for example, a light
barrier, by means of which a printed circuit board can be
detected and a corresponding signal can be transmitted to a
control unit. The control unit is preferably configured such
that, upon receiving such a sensor signal, it stops the transport
of'the sensed printed circuit board.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] Further advantages, features and details of the
invention are given by the following description, in which
exemplary embodiments of the invention are described in
detail with reference to the characters. In this connection,
features mentioned in the claims and in the description may
be essential to the invention, each individually in itself or in
any combination. In the individual figures, elements having
the same function and mode of action are denoted by the same
references. There are shown schematically in:

[0040] FIG. 1 a portion of a transport system of an equip-
ping machine according to the prior art, at a second instant;

[0041] FIG. 2 a sequence diagram of the method according
to the invention,

[0042] FIG. 3 a portion of a transport system of an equip-
ping machine according to the invention, at a first instant,

[0043] FIG. 4 a portion from FIG. 3, at a second instant;

[0044] FIG. 5 the portion from FIG. 3, at a third instant; and

[0045] FIG. 6 the portion from FIG. 3, at a fourth instant.
DESCRIPTION OF EMBODIMENTS

[0046] Shown schematically in FIG. 1 is a portion of a

transport system according to the prior art, at a second instant.
The transport system of the equipping machine has three
sections, namely, an input section 1, an equipping section 2
and an output section 7, the equipping section 2 being dis-
posed between the input section 1 and the output section 7.
The equipping station 2 has an equipping post 4 adjacent to
the output section 7.

[0047] At the second instant, the first printed circuit board
3 is disposed at the equipping post 4 and positioned, by means
of'an aligning means 8, for the purpose of being equipped, and
fixed temporarily in this position on the equipping machine.
In this exemplary embodiment, the aligning means 8 can be
moved, or swiveled, relative to the transport system, in order
not to impede further transport of an equipped first printed
circuit board 3 into the output section 7. In an alternative
embodiment, the aligning means may also be substantially
rigid.

[0048] A second printed circuit board 5 that follows the first
printed circuit board 3 is disposed, into the input section 1,
after the first printed circuit board 3 in the direction of con-
veyance F. It is only after the first printed circuit board 3 has
been equipped and transported further, into the output section
7, that the second printed circuit board 5 is transported on to
the equipping post 4. This transport path is relatively long in
relation to the length of the second printed circuit board 5,
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such that the transport takes a correspondingly long time and
reduces the productivity of the equipping machine.

[0049] Shown schematically in FIG. 2 is a sequence dia-
gram of the method according to the invention. In the first
method step 10, a first printed circuit board 3 of first length is
transported out of an input section 1 and into an equipping
section 2. In the second method step 20, the first printed
circuit board 3 is disposed at an equipping post 4 of the
equipping section 2. In the third method step 30, at least one
second printed circuit board 5 of first length is transported out
of'the input section 1 and into a buffer region 6 of the equip-
ping section 2. The buffer region is disposed between the
equipping post 4 and the input section 1. In the fourth method
step 40, the first printed circuit board 3 is fixed to the equip-
ping post 4 in a releasable manner. In the fifth method step 50,
the first printed circuit board 3 is equipped with at least one
electronic component 9. In the sixth method step 60, the
fixing of the first printed circuit board 3 is released. In the
seventh method step 70, the first printed circuit board is
transported out of the equipping section 2. In the eighth
method step 80, the second printed circuit board 5, which is
disposed adjacently to the equipping post 4, is transported out
of the buffer region 6 and onto the equipping post 4.

[0050] FIG. 3 shows a portion of a transport system of an
equipping machine at a first instant. The transport system of
the equipping machine has three sections, namely, an input
section 1, an equipping section 2 and an output section 7, the
equipping section 2 being disposed between the input section
1 and the output section 7. The equipping station 2 has an
equipping post 4 adjacent to the output section 7, and has a
buffer region 6 adjacent to the input section 1. An aligning
means 8, which is realized as a sensor, is disposed in the
equipping section 2. By means of the sensor, it can be ascer-
tained when a printed circuit board is disposed in the equip-
ping post 4, in order that the printed circuit board can be
halted at this position. In this representation, the individual
sections are represented merely schematically, and at a dis-
tance from each other. It is preferred that the sections be
disposed so as to directly adjoin each other in a series.
[0051] At the first instant, a first printed circuit board 3 is
disposed in the input section 1, and adjacently to the equip-
ping section 2. The first printed circuit board 3 is disposed on
a transport means, not represented, and can be moved by
means of the latter in the direction of conveyance F, i.e. from
the input section 1 in the direction of the equipping section 2.
The state of the first instant is an initial state, which occurs, for
example, when the equipping machine is put into operation. A
further possibility for an initial state is, for example, when a
new product is brought into the equipping machine. As opera-
tion of the equipping machine progresses, there is normally at
least one second printed circuit board 5 in the equipping
section 2.

[0052] The portion of the transport system from FIG. 3 is
represented at a second instant in FIG. 4. At the second
instant, the first printed circuit board 3 is disposed at the
equipping post 4 and positioned, by means of an aligning
means 8, for the purpose of equipping, and fixed temporarily
in this position on the equipping machine. The aligning
means 8 is realized as a sensor, e.g. as a light barrier. Alter-
natively, the aligning means 8 can be realized, for example, as
an end stop.

[0053] The second printed circuit board 5 that follows the
first printed circuit board 3 is disposed in the buffer region 6
and is preferably aligned for further transport onto the equip-
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ping post 4. Likewise preferably, the second printed circuit
board 5 at this instant is fixed temporarily to the equipping
machine, in order to prevent an unintended relative movement
of'the second printed circuit board 5 in relation to the equip-
ping machine. Furthermore, a further second printed circuit
board 5 is disposed in the input section 1, and is moved in the
direction of the equipping section 2.

[0054] The portion of the transport system from FIG. 3 is
represented at a third instant in FIG. 5. At the third instant,
equipping of the first printed circuit board 3 with electronic
components 9 has been completed, and this printed circuit
board is no longer fixed to the equipping machine. The align-
ing means 8 is moved, or swiveled, in such a manner that
further transport of the equipped first printed circuit board 3
into the output section 7 is no longer impeded by the aligning
means 8. At this instant, the second printed circuit board 5,
disposed in the input section 1, is disposed adjacently to the
equipping post 2.

[0055] The portion of the transport system from FIG. 3 is
represented at a fourth instant in FIG. 6. At the fourth instant,
the first printed circuit board 3 is moved from the equipping
section 2 and into the output section 7, and the second printed
circuit board 5, which is following, is moved from the buffer
region 6 and onto the equipping post 4. Preferably simulta-
neously, the second printed circuit board 5 disposed in the
input section 1 is moved into the buffer region 6.

[0056] Inthe example represented, the buffer region 6 is of
such a size that one second printed circuit board 5 can be
disposed in the buffer region 6. In alternative embodiment
variants of the method, two, three or more second printed
circuit boards 5 can be disposed in the buffer region 6.

LIST OF REFERENCES AND SYMBOLS

[0057] 1 input section

[0058] 2 equipping section

[0059] 3 first printed circuit board
[0060] 4 equipping post

[0061] 5 second printed circuit board
[0062] 6 buffer region

[0063] 7 output section

[0064] 8 aligning means

[0065] 9 electronic component
[0066] 10 first method step

[0067] 20 second method step
[0068] 30 third method step
[0069] 40 fourth method step
[0070] 50 fifth method step
[0071] 60 sixth method step
[0072] 70 seventh method step
[0073] 80 eighth method step

1. Method for equipping printed circuit boards on an equip-
ping machine, the printed circuit boards being of a first length,
the equipping machine being realized to equip printed circuit
boards of a second length, the second length being more than
twice as great as the first length, the equipping machine
having an input section and an equipping section, the equip-
ping section being disposed after the input section in a direc-
tion of conveyance of the printed circuit boards, the printed
circuit boards of'the first length and the printed circuit boards
of'the second length being transportable, in their longitudinal
direction, from the input section into the equipping station,
having the following method steps:

transporting a first printed circuit board of first length out of

the input section and into the equipping section;
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disposing the first printed circuit board on an equipping

post of the equipping section;

transporting at least one second printed circuit board of

first length out of the input section and into a buffer
region of the equipping section, the buffer region being
disposed between the equipping post and the input sec-
tion;

fixing the first printed circuit board to the equipping post in

a releasable manner;

equipping the first printed circuit board;

releasing the fixing of the first printed circuit board;

transporting the first printed circuit board out of the equip-

ping section; and

transporting a second printed circuit board, which is dis-

posed adjacently to the equipping post, out of the buffer
region and onto the equipping post.

2. Method according to claim 1, wherein a maximum num-
ber of second printed circuit boards that can be disposed in the
buffer region is determined in dependence on the first length
of the second printed circuit boards, a length of the buffer
region and a defined distance between adjacent second
printed circuit boards in the buffer region, and only so many
second printed circuit boards are transported into the buffer
region that this maximum number is not exceeded.

3. Method according to claim 2, wherein a desired equip-
ping performance of the equipping machine, and a number of
second printed circuit boards to be moved into the buffer
region, is determined in dependence on the desired equipping
performance of the equipping machine and the maximum
number of second printed circuit boards that can be disposed
in the buffer region, and a corresponding number of second
printed circuit boards is transported out of the input section
and into the buffer region of the equipping section.
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4. Method according to claim 1, wherein at least one of the
second printed circuit boards is fixed in a releasable manner in
the buffer region.

5. Method according to claim 1, wherein at least one sec-
ond printed circuit board transported into the buffer region is
aligned inside the buffer region, before being transported into
the equipping post.

6. Method according to claim 1, wherein the equipping
post is disposed at an end of the equipping section that faces
away from the input section.

7. Method according to claim 1, wherein the equipped first
printed circuit board is transported out of the equipping sec-
tion and into an output section.

8. Method according to claim 1, wherein the second printed
circuit boards are disposed at a distance from each otherin the
buffer region.

9. Method according to claim 1, wherein a presence and/or
position of the first printed circuit board and/or of at least one
second printed circuit board in the equipping section is moni-
tored and, in the case of absence or an incorrect position of a
first printed circuit board and/or second printed circuit board,
a corresponding first printed circuit board and/or second
printed circuit board is transported into the corresponding
post in the equipping station, or the position of the respective
first printed circuit board and/or second printed circuit board
is corrected.

10. Method according to claim 1, wherein in the disposing
of'the first printed circuit board at the equipping post, the first
printed circuit board is conveyed into an operative region of at
least one aligning means.
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