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(3) for the, in particular selective, soldering of components to
a circuit board (14), having a soldering nozzle (32) for creat-
ing a solder wave. It is proposed that the soldering module (3)
comprises a linear conveyor (8), in particular a belt conveyor
or a chain conveyor, for applying solder to the circuit board
(14) by moving the circuit board (14) in a conveying direction
over the solder wave, and that the linear conveyor (8) is tilt-
able, in particular about a first tilting axis (23).
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SOLDERING MODULE

The present invention relates to a soldering module for
soldering components to a circuit board, to a soldering plant
comprising same, and to a method for soldering components to a

circuit board.

Various methods have been established for the automated
soldering of components to c¢ircuit boards, also known as
printed circuit boards. These include the reflow soldering
method and the wave soldering method. A variant of the wave

soldering method is the selective soldering method.

In selective soldering, liquid solder 1is passed through a
soldering nozzle such that a solder wave forms on the top side
of the soldering nozzle. Typically, the soldering nozzle 1is
arranged in a solder bath so that the solder emerging from the
soldering nozzle can run off back into the solder bath. In the
solder Dbath, the =solder can then be reheated and passed

through the soldering nozzle by means of a pump.

Depending on the circuit board layout, the circuit board to be
populated with the components to be soldered is guided over
the solder wave or the solder wave is guided along under the
circuit board. An example of a selective soldering plant 1is
described in DE 10 2007 002 777 Al. Typically, the circuit
board is moved over the solder wave at a particular previously
defined angle in the wave soldering method, in order to set
the quantity of solder adhering to the circuit board. The
angle selected only ever represents a compromise in this case

with regard to the requirements of the individual components.

Against this background, the present invention is based on the
problem of specifying a soldering module, a soldering plant
and a method, which allow greater consideration to be given to

the soldering properties of the individual components.
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According to the invention, the above problem is solved by a
soldering module as claimed in claim 1, a soldering plant as
claimed in claim 16 and a soldering method as claimed in claim
19.

With regard to the soldering module, the abovementioned
problem is solved by a soldering module for the, in particular
selective, soldering of components to a circuit board, having
a soldering nozzle for creating a solder wave, wherein the
soldering module comprises a linear conveyor, in particular a
belt conveyor or a chain conveyor, for applying solder to the
circuit board by moving the circuit board in a conveying
direction over the solder wave, and the linear conveyor is
tiltable.

A first configuration of the soldering module provides for the
linear conveyor to be tiltable about a first tilting axis,
wherein preferably the normal of the circuit board encloses an
angle of at least 4°, preferably of at least 8°, more
preferably of at least 10°, with the direction of
gravitational force. Tilting of the circuit board through an
angle of at least 4° can ensure application to the circuit
board of a quantity of solder that 1is favorable for most
applications. An angle of at least 8° can prove favorable when
the quantity of solder sticking to the component and/or the
time for which hot, excess solder 1is in heat-conducting
contact with the component is intended to be reduced in order

to reduce the thermal load on the component during soldering.

According to a further exemplary embodiment, the first tilting
axis is oriented substantially perpendicularly to the
conveying direction or substantially parallel to the conveying
direction. The orientation of the first tilting axis
substantially perpendicularly to the conveying direction or
substantially parallel to the conveying direction can simplify

the construction of the soldering module.
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Furthermore, according to one development of the soldering
module, the linear conveyor is tiltable about a second tilting
axis, wherein the second tilting axis is oriented
substantially normal to the direction of gravitational force.
As a result of provision being made of a second tilting axis,
which is oriented substantially normal to the direction of
gravitational force, the soldering result can be adapted

better to the specified circuit board layout.

Another configuration provides for the first tilting axis
and/or the second tilting axis to extend through the solder
wave. When the first and/or the second tilting axis extends or
extend through the solder wave, the linear conveyor can be
tilted without the distance between the soldering nozzle and

the linear conveyor having to be set anew.

According to a further exemplary embodiment of the soldering
module, the linear conveyor 1is tiltable while the circuit
board is being moved over the solder wave. Tiltability of the
linear conveyor while the c¢ircuit board is being moved can
reduce the throughput time of the circuit board through the

soldering module.

Furthermore, according to one development of the soldering
module, the soldering nozzle is movable in a plane oriented
substantially normal to the direction of gravitational force.
The movability of the soldering nozzle in a plane oriented
substantially normal to the direction of gravitational force
can make it possible to solder components to the circuit board
selectively at different points. The travel parallel and/or
transversely to the conveying direction can be in particular
400 mm to 450 mm.

Another configuration of the soldering module provides for the
distance between the soldering nozzle and the circuit board to
be settable by moving the soldering nozzle. Settability of the
distance between the soldering nozzle and circuit board can

make 1t possible in particular to solder components fastened
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to the underside of the circuit board that have different

component heights.

According to a further exemplary embodiment of the soldering
module, the soldering nozzle is rotatable. A rotatable, and in
particular non-rotationally symmetric, soldering nozzle can be
adapted for example to the orientation of the tilting axis.
Furthermore, by way of +the continuous rotation of the
soldering nozzle, the risk of depositions of solder on the

soldering nozzle can be reduced.

Furthermore, according to one development, the soldering
nozzle is wettable with solder, and in particular 1is
manufactured from steel. When a wettable soldering nozzle is
used, the process conditions at the solder Jjoint can be
independent of the transport direction of the components to be
soldered with respect to the soldering nozzle. Soldering
nozzles manufactured from simple steel are additionally

available on the market at particularly low cost.

Another configuration of the soldering module provides for the
soldering nozzle not to be wettable with solder, and to be
manufactured 1in particular from a stainless, in particular
coated, steel. If a soldering nozzle that is not wettable with
solder is used, the solder can run off on the rear side of the
component. A non-wettable soldering nozzle can be manufactured

in particular from a coated, stainless steel.

According to a further exemplary embodiment, the soldering
module has an inert gas device. When the solder is heated,
dross can form. As a result of inert gas being used, the
extent of oxidation at the surface of the solder bath and thus

the formation of dross can be reduced.

Furthermore, according to one development of the soldering
module, provision is made of a solder joint processing device,
wherein the solder Jjoint processing device comprises a gas

nozzle. By way of the gas nozzle, gas, in particular an inert
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gas, for example nitrogen, can be blown onto the solder joint
with the result that the run-off direction of the solder is
defined better. In this way, the occurrence of undesired

solder bridges between solder joints can be avoided.

Another configuration of the soldering module can provide for
the soldering module to have a second soldering nozzle for
creating a second solder wave. By way of the second soldering
nozzle, in particular the throughput time of the circuit board
through the soldering module can be reduced, since components
can be soldered simultaneously at a number of points on the
circuit board. However, the second soldering nozzle can also
be used to apply a different solder, which is particularly
well adapted to the resgpective components to be soldered. It
is likewise conceivable to provide a wettable soldering nozzle
as the first soldering nozzle and a non-wettable soldering

nozzle as the second soldering nozzle.

With regard to the soldering plant, the abovementioned object
is achieved in that the soldering plant has a first soldering
module, as has been described above, and a flux module. The
combination of a flux module with a soldering module can
shorten the processing time. In particular, the flux module
and soldering module can be configured to automatically

transfer the populated circuit boards.

A first configuration of the soldering plant provides for the
soldering plant to have a preheating module. A preheating
module can serve to activate the flux applied to a populated
circuit board. Likewise, the circuit board and the components
attached thereto can be heated by the preheating module. The
temperature difference between the circuit Dboard and the
components attached to one side thereof and the liguid solder
can thus be reduced. Therefore, better adhesion of the solder
to the components and the circuit board can be achieved. In
addition, the risk of damage to the components on account of
thermal stresses is reduced. A flux module and a preheating

module can also be combined in a preparation module. Thus,
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provision can be made in particular of a common linear
conveyor, with the result that the costs can be reduced
compared with individual modules. Individual modules can, by

contrast, increase the flexibility.

According to a further exemplary embodiment, the soldering
plant has a second soldering module, with the result that for
example the throughput can be increased. It i1s likewise
conceivable for a different soldering nozzle and/or a
different solder to be used in the second soldering module.

The advantages associated therewith are described above.

With regard to the method for soldering components to a
circuit board, the abovementioned object is achieved according
to the invention in that a populated circuit board is received
on a linear conveyor, wherein the linear conveyor is in a
receiving position, in that the linear conveyor is tilted into
a first processing position, 1in that the circuit board 1is
moved over a first solder wave by means of the linear
conveyor, wherein a subregion of the circuit board is wetted
with solder, in that the 1linear conveyor 1is tilted into a
transfer position, and in that the circuit Dboard 1is

transferred in the transfer position of the linear conveyor.

By way of the method as proposed, in particular soldering
modules for selective soldering and corresponding soldering
plants can be integrated into existing production plants
without the circuit boards having to be transferred manually.
Furthermore, a greater degree of automation can also be
ensured in the production of more complex, individual circuit
configurations. In the method, in particular soldering module
as described above and/or a soldering plant as explained above

can be used.

The invention is explained in the following text by way of

figures. In the drawing, by way of example:
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Figure 1 shows a perspective view of a first embodiment of a

soldering plant as proposed;

Figure 2 shows a perspective view of a second embodiment of a

soldering plant as proposed;

Figure 3 shows a preparation module of a soldering plant as

proposed;

Figure 4 shows a soldering module of a soldering plant as

proposed;

Figure 5 shows the soldering module according to figure 4 in

a first tilted position of the linear conveyor;

Figure 6 shows the soldering module according to figure 4 in

a second tilted position of the linear conveyor;

Figure 7 shows the soldering module according to figure 4 in

a first disassembled state, and

Figure 8 shows the soldering module according to figure 4 in

a second disassembled state.

The soldering plant 1 shown in figure 1 has a preparation
module 2, a first soldering module 3 and a second soldering
module 4. A circuit board 14 (not illustrated) that is already
populated with components is first of all provided with flux
in the preparation module 2. Subsequently, in the preparation
module 3, the flux is activated by the action of heat on the
circuit board 14 and at the same time sufficient thermal
energy 1s introduced into the circuit board 14 and the
components for a good soldering result. Subsequently, the
circuit board 14 is transferred from the preparation module 2
to the first soldering module 3. By way of the first soldering
module 3, for example a first group of components can be
soldered to the «circuit board 14. Following the first

soldering module 3, a second soldering module 4 is provided.
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By way of the second soldering module 4, a further group of
components can be soldered to the circuit board 14. The second
soldering module 4 can differ from the first soldering module
3 for example by way of the type of solder used. It is
likewise conceivable for a different soldering nozzle 37 to be
used in the second soldering module 4, it being possible for
said different soldering nozzle 37 to differ from the
soldering nozzle of the first soldering module 4 for example
in terms of its diameter or shape and thus to be more suitable
for smaller (or larger) components. It is likewise conceivable
to use two identical soldering modules 3 and 4 only in order

to increase the number of cycles.

In contrast to the soldering plant 1 according to figure 1, in
the case of the soldering plant 1 illustrated in figure 2,
only a soldering module 3 is provided after the preparation
module 2. The soldering plant 1 can be made available more
conveniently as a result. By way of the modular construction,
further soldering modules can be added with little effort. The
soldering plant 1 can thus be adapted cost-effectively to the
particular manufacturing requirements and does not have to be

replaced in its entirety.

Figure 3 illustrates a preparation module 2 as can be used in
a soldering plant according to figure 1 or figure 2. The
preparation module 2 comprises a linear conveyor 8 by way of
which a c¢ircuit board 14 can be transported through the
preparation module. Also provided is a flux module 9 by way of
which flux can be applied to those points of the populated
circuit board that are to be wetted with solder. The flux
module 9 is followed by a preheating module 10. By means of
the preheating module 10, the flux applied to the populated
circuit board 14 can be activated. In addition, the circuit
board 14 and the components can be brought to a temperature
which allows a particularly good mechanical and electrical
connection to the solder to be applied. The preparation module
2 can also comprise a control unit 11 by way of which the

linear conveyor 8, the flux module 9 and the preheating module
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10 can be controlled. Provision can also be made for the
control wunit 11 also to control further modules to be
connected to the ©preparation module 10, in particular

soldering modules.

The soldering module 3 illustrated in figure 4 has a soldering
module frame 12, in which a soldering unit 13 and a linear
conveyor 8 are fastened. By way of the linear conveyor 8, a
circuit board 14 can be moved over a solder wave that 1is
generated by a soldering nozzle 37 (not visible in figure 4)
which is covered by the soldering module frame 12 and which is
part of the soldering unit 13. The linear conveyor 8 has two
guides 15 and 16 by way of which the c¢ircuit board 14 1is
laterally guided. In order to move the circuit board 14,
provision is also made of two drives 27 and 28. The distance
17 between the two guides 15 and 16 can be changed by means of
a motor 18 in order to take into account different circuit
board sizes. The linear conveyor 8 is suspended in a gimbaled
manner via two linear conveyor frames 19 and 20 in the

soldering module frame 12 and via bearings 21 and 22.

Via motors (not illustrated in figure 4), the linear conveyor
8 can be tilted about a first tilting axis 23 and a second
tilting axis 24. The first tilting axis 23 and the second
tilting axis 24 are each oriented perpendicularly to the
direction of gravitational force. 1In addition, the first
tilting axis 23 1is arranged parallel to the conveying
direction 26 and the second tilting axis 24 perpendicularly to
the conveying direction 26 in which the circuit board 14 is

moved.

Figure 5 likewise illustrates the soldering module 3 according
to figure 4. As in figure 4, the soldering module 3 comprises
a soldering module frame 12, a soldering unit 13 and a linear
conveyor 8. In contrast to the soldering module 3 depicted in
figure 4, the linear conveyor 8 has been tilted through an
angle 29 about a first tilting axis 23 such that the normal of

the circuit board 14 and the direction of gravitational force
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enclose an angle of 7°. The first tilting axis is in this case
oriented perpendicularly to the direction of gravitational

force 25 and parallel to the conveying direction 26.

In contrast to the soldering module 3 depicted in figure 5, in
the case of the soldering module 3 shown in figure 6, the
linear conveyor has been tilted about a second tilting axis
24. The second tilting axis 24 extends 1in this <case
perpendicularly to the direction of gravitational force 25 and
the conveying direction 26. On account of the tilting, the
normal of the circuit board 14 encloses an angle of 11° with

the direction of gravitational force.

Figure 7 shows a soldering unit 13 of the soldering module 3
according to figure 4. The soldering unit 13 has a table 29.
The table 29 is displaceable in a plane perpendicular to the
direction of gravitational force 25 by rails 30, 31 and 32,
33, respectively, and motors 34, 35. Provided on the table 29

is a solder container 36 having a soldering nozzle 37.

Figure 8 shows merely the table 29 with the solder container
36 of the soldering module 3. Arranged in the middle of the
solder container 65 1is a soldering nozzle 37. The solder
liquefied in the solder container 36 can be pumped through the
soldering nozzle 66 by means of a pump 38 such that a solder
wave forms at the tip thereof. Also provided is a motor 39, by
way of which the solder container 65 (and the soldering nozzle
66) can be rotated about an axis oriented parallel to the
direction of gravitational force 25. By way of three spindles,
of which only two gpindles 40, 41 are visible, the solder
container 65 (and the soldering nozzle 66) can be raised or
lowered in the direction of gravitational force 25. In this
case, the solder container 65 can be guided by way of two
guides 42, 43. Provided above the solder container 65 is a
heating element 44, which covers the solder container 65 in
the manner of a 1lid, wherein an opening for the soldering
nozzle 66 remains in the middle. The heating element 44 has

two power connections 45. Also provided 1is a solder Jjoint
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processing device having a gas nozzle 46. Via a connection 47,
an inert gas, 1in particular nitrogen, can be supplied. By way
of the heating element 44, the inert gas can be heated and
blown onto the solder joint via the gas nozzle 46 so that more
selective application of solder as possible. Likewise, it is
possible by way of the gas nozzle 46 to ensure that the solder
passed through the soldering nozzle runs off in a deliberate
manner on the side opposite the gas nozzle 46. Preferably, the
gas nozzle 46 is oriented counter to the conveying direction

of a linear conveyor for a circuit board.
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Patent claims

1. A soldering module (3) for the, in particular selective,
soldering of components to a circuit board (14), having a
soldering nozzle (32) for creating a solder wave,

characterized

in that the soldering module (3) comprises a linear conveyor
(8), in particular a belt conveyor or a chain conveyor, for
applying solder to the circuit board (14) by moving the
circuit board (14) in a conveying direction over the solder
wave, and in that the linear conveyor (8) 1is tiltable, in

particular about a first tilting axis (23).

2. The soldering module as claimed in claim 1, characterized
in that the first tilting axis (23) is oriented substantially

perpendicularly to the direction of gravitational force (25).

3. The soldering module (3) as claimed in c¢laim 1 or 2,
characterized in that the linear conveyor (8) 1is tiltable
about the first tilting axis (23) such that the normal of the
circuit board (14) encloses an angle of at least 4°,
preferably of at least 8°, more preferably of at least 10°,

with the direction of gravitational force (25).

4, The soldering module (3) as claimed 1in one of the
preceding claims, characterized in that the first tilting axis
(23) is oriented substantially perpendicularly to the
conveying direction (26) or substantially parallel to the

conveying direction (26).

5. The soldering module (3) as claimed in one of the
preceding claims, characterized in that the linear conveyor
(8) is tiltable about a second tilting axis (24), wherein the
second tilting axis (24) is oriented substantially normal to

the direction of gravitational force (25).

6. The soldering module (3) as claimed in one of the

preceding claims, characterized in that the first tilting axis
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(23) and/or the second tilting axis (24) extends through the

solder wave.

7. The soldering module (3) as claimed 1in one of the
preceding claims, characterized in that the linear conveyor
(8) 1is tiltable while the circuit board (14) is being moved

over the solder wave.

8. The soldering module (3) as claimed in one of the
preceding claims, characterized in that the soldering nozzle
(37) is movable in a plane oriented substantially normal to

the direction of gravitational force (25).

9. The solder module (3) as claimed in one of the preceding
claims, characterized in that the distance Dbetween the
soldering nozzle (37) and the circuit board (14) is settable

by moving the soldering nozzle (37).

10. The soldering module (3) as claimed in one of the
preceding claims, characterized in that the soldering nozzle
(37) is rotatable.

11. The soldering module (3) as claimed in one of the
preceding claims, characterized in that the soldering nozzle
(37) is wettable with solder, and in particular is

manufactured from steel.

12. The soldering module (3) as claimed in one of the
preceding claims, characterized in that the soldering nozzle
(37) 1s not wettable with solder, and 1is manufactured in

particular from a stainless, in particular coated, steel.

13. The soldering module (3) as claimed in one of the
preceding claims, characterized in that the soldering module

(3) has an inert gas device.

14. The soldering module (3) as claimed in one of the

preceding claims, characterized in that provision is made of a
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solder Jjoint ©processing device, wherein the solder joint

processing device comprises a gas nozzle (460).

15. The soldering module as claimed in one of the preceding
claims, characterized in that the soldering module has a
second soldering nozzle (37) for creating a second solder

wave.

l16. A soldering plant having a first soldering module (3) as

claimed in one of claims 1 to 14 and a flux module (9).

17. The soldering plant as claimed in claim 16, characterized

in that the soldering plant has a preheating module (10).

18. The soldering plant as claimed in either of claims 16 and
17, characterized in that the soldering plant has a second

soldering module (3) as claimed in one of claims 1 to 14.

19. A method for soldering components to a circuit board
(14), in particular using a soldering module (3) as claimed in
one of claims 1 to 14 and/or a soldering plant as claimed in
one of claims 16 to 18,

characterized

in that a populated circuit board (14) is received on a
linear conveyor (8), wherein the linear conveyor (8) 1is in a
receiving position, in that the linear conveyor (8) is tilted
into a first processing position, in that the circuit board
(14) is moved over a first solder wave by means of the linear
conveyor (8), wherein a subregion of the circuit board (14) is
wetted with solder, in that the linear conveyor (8) is tilted
into a transfer position, and in that the circuit board (14)
is transferred in the transfer position of the linear conveyor

(8).
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