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Appliance for improved inertizing during wave soldering

The present invention proceeds from an
appliance for inertizing the interior of machines which
operate on the wave-soldering principle, also being
designated as wave-soldering plants, and which are used
to a great extent, for example for the soldering of
electrical printed circuit boards. In this context, a
wave of liquid solder i1is generated above a solder
reservoir by means of a “conveying” device and heating
elements, in such a way that continuous workpieces,
such as, for example, printed circuit boards with
electrical components, which are led over the wave, can
come into contact with the solder and thus be soldered
on an industrial scale.

One problem, here, is that an atmosphere which
is as low in oxygen as possible must be generated, at
least during the soldering operation, in order, on the
one hand, to avoid the solder or the golder alloy being
oxidized and, on the other hand to obtain a high
soldering quality which may be impaired, for example,
by oxides on the metal surface of the printed circuit
boards .

Tt is sufficiently known, in this context, to
prevent oxidation of the solder by means of a
protective gas, that is to say an inert gas, which
emerges from diffusers in the region of the wave. For
example, US 5,121,874 discloses an inertizing system
for wave-soldering plants, in which an inert atmosphere
is produced in the vicinity of the generated solder
wave by means of porous tubes which run parallel to the
wave and through which inert gas emerges. |

A low-oxygen atmosphere is thereby obtained
above the solder wave and on the underside of the
printed circuit boards to be soldered. One disadvantage
of this is that the porous tubes are exposed to the
risk of contamination by splashes of solder, and,

moreover, there are wave-soldering machines in which
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sufficient inertizing of all the machine regions by
means of protective gas is not possible for reasons of
space, for example, because two solder waves are
closely adjacent to one another.

It is known, furthermore, by means of an oil
layer which covers the solder over a large area in a
solder reservoir, to prevent oxidation' reliably, even
in the region outside the solder wave (see, for
example, the machines of the Swiss manufacturer
KIRSTEN) . However, additional devices, such as an oil
feed pump, o0il separator or oil filter, are necessary
for this purpose, thus greatly increasing outlay in
terms of apparatus. The use of o0il also makes it more
difficult to clean the machine after it has been used.
Moreover,’there are disadvantages as regards pollution
of the environment when oil or a combination of oil and
inert-gas diffusers is used in such inertizing
appliances.
, From US 5,816,474 a linear motor pump for a
wave soldering apparatus 1s also known. Such a linear
motor pump allows to produce' a very dynamic  solder
wave, which is higher than waves produced by mechanical
pumps and has .some advantageous . properties. However,
these properties so far did not allow to protect the
solder from oxidation by a gas atmosphere, but made a
layer of o0il necessary on the solder surface. This
required additional equipment to maintain the oil layer
and made the use of the system more complicated.

" The object of the present invention, therefore,
is to provide an inertizing appliance, by means of
which complete inertizing of wave-soldering plants is
possible in a simple way in design terms and so as to
save gpace and be ecologically compatible.

It is also an object of the present invention,
to provide a device for inertisation, which allows a
complete inertisation of a wave soldering device,
especially with a linear motor pump, in a simple, space

saving and ecologically acceptable way.
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This object 1s achieved by means of the
appliance having the features of Patent Claim 1.
Advantageous refinements and developments are the
subject-matter of the sub-claims.

As a result of the flow-off plate which has the
row of holes provided in the wave direction and which
is designed, with regard to the gas diffuser and
respective wave of the wave-soldering machine, in such
a way that inert gas can also pass from the diffuser
underneath the solder wave, it becomes unnecessary to
use an oil layer on the solder in the reservoir.
Complete inertizing of the atmosphere is thus‘possible
solely by the diffusers Dby means of protective gas,
such as, for example, cryogenic nitrogen. The fully
inertizing system thus provided has a simpler and
spatially more compact design and can therefore be used
even under confined conditions of space. Inert gas acts
upon the solder wave from above and from below at the
same time, with the result that it is possible to use
even solder alloys without lead  which impose
particularly stringent‘ requirements as regards the
degree of inertizing:

Environmental pollution by the o0il which is
otherwise necessary is avoided. Moreover, a loss of
solder in the process due to oxidation 1is reduced
considerably, since the solder wave is surrounded as a
whole and on all sides by a protective-gas atmosphere.

According to an advantageous refinement of the
invention, the diffuser 1s a porous tube which 1is
connected to a gas line and which is provided with a
cage-like protective housing. This prevents in a simple
way the situation where individual drops of solder
which could pass through the holes of the row of holes
would contaminate the diffuser and therefore be
increasingly detrimental to a sufficient spread of
inert gas. The diameter of the porous tube may be
coordinated with the fespective machine and therefore

with the size of the wave, and it is advantageous to
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use as thin a tube as possible wunder confined
conditions of space.

According to a further advantageous refinement
of the invention, the diffuser and the gas line are
fastened to lateral holding plates and together form a
unit such as can be dipped as a dip box into the solder
reservoir or the interior of a wave-soldering plant. As
a result, the entire inertizing system can be produced
as a compact unit and can be removed in a simple way
from the soldering plant for cleaning purposes and for
maintenance.

According to a further advantageous refinement
of the invention, the plate has two parallel rows of
long holes. The distribution of inert gas underneath
the wave is thereby improved. The gas atmosphere can
therefore be formed more easily, that is to say even
with less gas, in the region underneath the wave, in
spite of the flow-off plate which 1s located in
between.

According to a relevant refinement of the
invention, the two rows of long holes are offset to one
another. Since the holes are therefore offset to one
another, this ensures that gas can flow in the
direction of the underside of the wave over the entire
width of the latter. There is therefore no region of
the solder flowing past which is deprived of
inertizing. The soldering wresult is thus of high
soldering quality and oxidation is avoided even more
reliably. '

According to a further advantageous refinement
of the invention, the diffuser is arranged so as to be
laterally offset to the row of holes in the direction
of formation of the wave. This prevents the diffuser
from Dbeing contaminated by solder drops which could
pass through the holes in the plate, without the gas
distribution underneath the wave being impaired.

According to a further advantageous refinement
of the invention, the width of the row of holes and/or

the number of rows of holes arranged next to one
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another are coordinated with the height and length of
the solder wave. Thus, when the wave form is different
in different machines, the inertizing appliance can be
coordinated optimally with the respective machines. It
is also conceivable for the rows of holes to be made
variably adjustable in width by means of corresponding
slides. The person skilled in the art is aware of
measures which are customary for this purpose.

According to a further advantageous refinement
of the invention, a protective plate is provided
between the diffuser and the row of holes. The
protective plate is, in this case, to be arranged in
such a way that no splashes of solder can reach the
porous tube, so as to prevent gas outflow pores from
being blocked and, nevertheless, allow a sufficient
gquantity of gas to flow out underneath the wave. The
inert atmosphere can thus be maintained in a more
constant manner and impairments in the soldering
quality due to any oxidation are reliably prevented.

According to a further advantageous refinement
of the invention, additional diffusers  for inert gas
are provided below the workpiece to be soldered and
above the solder wave. The entire interior of the wave-
soldering plant can therefore be filled in a simple
way, both above and below the wave, with an atmosphere
which is as low in oxygen as possible.

An exemplary embodiment of the invention will
be described in detail, then, with reference to the

drawing in which:

Figure 1 shows a diagrammatic illustration bf an
inertizing appliance according to the

invention in an oblique top view; and
Figure 2 shows a side view of the system for improved

inertizing from Figure 1 in detail in order

to illustrate the principle of the invention.
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An exemplary embodiment of the invention is
illustrated in simplified form in an oblique top view
in Figure 1. A solder wave 1 1s formed in wave-
soldering plants from the liquid solder in the solder
reservoir 2, via a wave-forming orifice 3, by means of
a solder-conveying device mnot illustrated in the
figure, in such a way that a workpiece, that is to say
an electrical printed circuit board 12, led along a
track, can be soldered on its underside by the solder
wave 1. In order to prevent the oxidation of the solder
and of the metal parts of the printed circuit board, an
atmosphere which is as low in oxygen as possible must
be generated inside the soldering plant. An inertizing
system 4, which operates with inert gas, for example
cryogenic nitrogen, is provided for this purpose. The
inertizing system 4 consists of tubular gas diffusers
5, 6, 7 which are supplied with the inert gas, for
example industrial nitrogen, via gas lines 8.

In this exemplary embodiment, there are three
gas diffusers 5, 6, 7, a central gas diffuser 5 being
provided near to and below the wave 1 and two
additional diffusers 6, 7 supplying inert gas to the
remaining region of the plant. The wave 1 extends in a
wave direction A, at the same time brushes with the
wave crest against workpieces which are led over the
plant and then pours onto a solder flow—‘off plate 9,
via which the solder is led back into the reservoir 2.

In this exemplary embodiment, the plate 9 has
two parallel rows 10 of 1long holeé which 1lie
essentially underneath the formed wave 1. Inert gas
also passes through the long holes of the rows of holes
10 through the plate 9 underneath the wave crest. This
is because the central gas diffuser 5 is arranged in
relation to the rows of holes 10 in such a way that gas
flowing out of it not only passes downwards in the
direction of the reservoir, but also, above all, into
the region underneath the solder wave 1. As a result,
the entire interior of the plant, which is delimited
diagrammatically in Figure 1 by the housing 11, is
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filled with a low-oxygen atmosphere, without a covering
layer of oil on the liquid solder being necessary. It
goes without saying that, in the case of a plurality of
solder waves, corresponding rows of holes and diffusers
must be provided in each case in order to implement the
invention.

Figure 2 1is a side view of a detail of the
appliance from Figure 1 to illustrate the principle of
the inertizing according to the invention. The solder
wave 1, which is formed at the wave-forming orifice 3
in the direction A by a conveying device not
illustrated in the figure, comes into contact at its
crest with an electrical printed circuit board 12 led
along a track in the direction B and having soldering
joints to be soldered. The gas diffusers 6 and 7 ensure
that the solder wave 1 is inertized from outside and
the printed circuit board 12 from below by means of
nitrogen. By contrast, the central gas diffuser 5 is
responsible, on the one hand, for the inertizing of the
reservoir 2 and, on the other hand, for the underside
of the solder wave 1. This is possible due to the two
rows of holes 10 which are located at the outer end of
the solder flow-off plate 9 and, according to the
invention, are coordinated with the respective
waveform. In this way, the entire interior of the
soldering plant is filled with a low-oxygen atmosphere
solely by means of the inert gas, this not only .

- affording advantages in the use of lead-free sgolder

alloys, but also entailing improved purity in the
soldering of printed circuit boards and greater
environmental compatibility. It goes without saying
that the exemplary embodiment described serves merely
to  illustrate the claimed invention and is intended
also to embrace variants within the scope of protection
of the claims, such as for example, differently shaped

holes of the rows of holes or another type of diffuser.
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List of reference symbols

solder wave

solder reservoir

wave-forming orifice

inertizing system

gas diffuser

gas lines

solder flow-off plate

row of holes

housing

workpiece‘(electrical printed circuit board)

wave direction

direction of movement of ~workpiece (printed

circuit board)
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Claims

1. Appliance for inertizing the atmosphere inside
wave-soldering plants, in which liquid solder is put,
preferably by a linear motor pump, into at least one
solder wave (1) for the soldering of workpieces (12),
with a solder reservoir (2) and a solder flow-off plate
(9}, which is arranged in relation to a wave-forming
orifice (3), and with at least one diffuser (5, 6, 7)
for inert gas, characterized in that at least one
diffuser (5) 1s arranged below the plate (9) in the
region of the wave (1), and in that said at least one
diffuser allows feeding inert gas into the system such
that inert gas is also fed into the space below the

solder wave.

2. Appliance according to Claim 1, characterized
in that the plate (9) has in the wave direction A at
least one transversely running row of holes (10) which
is designed in relation to the diffuser (5) and the
wave (1) in éuch a way that inert gas passes underneath

the solder wave (1).

3. Appliance according to Claim 1 or 2,
characterized in that the diffuser (5, 6, 7) 1is a
porous tube which is connected to a gas line (8) and

which is provided with a cage-like protective housing.

4, Appliance according to one of Claims 1 to 3,
characterized in that the diffuser (5, 6, 7) and the
gas line (8) are fastened to lateral holding plates and
together form a unit such as can be dipped as a dip box
into the solder reservoir (2) of a wave-goldering

plant.
5. Appliance according to one of the preceding

claims, characterized in that the plate (9) has two
parallel rows (10) of long holes.

SUBSTITUTE SHEET (RULE 26)
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6. Appliance according to Claim 5, characterized
in that the long holes of the two rows (10) are offset
to one another.

7. Appliance according to one of the preceding
claims, characterized in that the diffuser (5) is
arranged so as to be laterally offset to the row of

holes (10) in the wave direction A.

8. Appliance according to one of the preceding
claims, characterized in that the width of the row of
holes (10) and/or the number of rows of holes (10)
arranged next to one another are coordinated with the
height and length of the wave (1).

9. Appliance according to one of the preceding
claims, characterized in that a protective plate is
provided between the diffuser (5) and the row of holes
(10) .

10. Appliance according to one of the preceding
claims, characterized in that additional diffusers are
provided below the workpilece (12) to be soldered and

above the wave (1).

11. Method for protecting from oxidation a solder
wave produced by a linear motor pump in the interior of
a wave goldering device, by feeding inert gas into the
system such that inert gas is also fed into the space
below the solder wave.
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