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Method of wave-soldering assembled units.

The invention relates to a method of wave-soldering assembled units
which are conducted over a soldering unit by means of a transport device, solder being
propelled in a turbulent zone via a first, turbulent soldering wave at an acute angle in the
transport direction and subsequently via a quiet soldering wave approximately at right angles
against the assembled units. The invention also relates to an apparatus for carrying out this
method.

Such methods of wave-soldering assembled units are known. The
assembled units arranged on carriers are conducted over the soldering units, for example, by
means of a transport belt. The soldering unit has so-called soldering waves which are
directed transverse to the transport direction and which consist of liquid solder, wetting the
assembled units to be soldered from below. The liquid solder is transported by a pump from
a bath into a shaft or drum provided with a slot, so that solder emerges in the form of a film
and assumes the shape of a soldering wave.

Known apparatuses of this kind usually comprise a so-called turbulent
soldering wave (jet wave or chip wave) in which the liquid solder emerges at an acute angle
in the transport direction of the assembled units and wet the latter from below with the
solder. Owing to the high flow velocity of the solder sprayed against the positions to be
soldered at an acute angle, a so-called shadow effect occurs, i.e. there will be positions
which are not wetted with solder. Furthermore, short-circuit bridges are created in this
process which are eliminated again in the subsequent quiet soldering wave (lambda wave).
This so-called lambda wave is flat and removes the solder, which has not yet cooled down,
from the short-circuit bridges again. The lambda wave does indeed remove the undesirable
short-circuit bridges, but the unsoldered shadow positions remain, so that unsoldered or
coldly soldered positions are created.

To avoid such drawbacks, in the present art, the carriers with the
assembled units welded in the first pasSage are passed through the apparatus a second time,
but rotated through 180°, so that now the positions which were in the shadow in the first
passage are wetted by the turbulent soldering wave hitting them at the acute angle. Clearly,

such a method is very time—consuming and elaborate.
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EP-0 621 101 A1 discloses a method and an apparatus for soldering
assembled units in a non-oxidizing gas atmosphere. The solder is here apparently supplied to
the assembled units in a quiet wave at right angles, and is discharged to both sides. Similar
devices are known from US-PS 52 28 614 and US-PS 52 92 055, which also show
exclusively a quiet soldering wave in which the solder is supplied to the assembled units at
right angles. .

The invention has for its object to improve a method of the kind
mentioned in the opening paragraph such that a reliable soldering of all positions is
safeguarded in a shorter process time.

According to the invention, this object is achieved in a method of the kind
mentioned in the opening paragraph in that solder is supplied in the turbulent zone also via a
second turbulent Soldering wave at an acute angle against the assembled units, against the
transport direction thereof. Thus in a single process step solder is transported against the
assembled units at an acute angle both in the transport direction and against the transport
direction. This eliminates the risk of shadow positions arising, where no wetting by means of
solder can take place. Wetting is achieved in a single process step, so that a second passage
is no longer necessary. The undesirable short-circuit bridges are removed, in known manner,
in the subsequent quiet soldering wave.

In an embodiment of the invention, the solder is propelled against the
assembled units in the turbulent zone, seen in transport direction, first against and then in the
transport direction. Equally good results are achieved when in reverse order the solder is
propelled against the assembled units in the turbulent zone, seen in transport direction, first
in and then against the transport direction. It is important in either case that the two-
soldering waves are at the same level relative to the assembled units, so that it is safeguarded
that the tips of the soldering waves are in equal contact with the assembled units.

The invention further relates to an apparatus for carrying out the method
according to the invention, comprising a transport device for the assembled units to be
soldered, a device for generating a quiet soldering wave and a device for generating a
turbulent soldering wave in which the solder is propelled against the assembled units at an
acute angle in transport direction via a first nozzle. According to the invention, a second
nozzle for generating a turbulent soldering wave is provided from which the solder emerges
at an acute angle in a direction opposed to the transport direction and is propelled against the
assmbled units. This additional nozzle may be formed, for example, as a separate,

independent component. In an embodiment of the invention, however, the two nozzles for
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generating the turbulent soldering waves are constructed as a unit with a joint solder feed and
a joint pump for transporting the solder, and

a divided shaft is provided extending over the full width of the soldering track and
comprising the two nozzles for propelling the solder in and against the transport direction.

This results in a compact, space-saving construction for generating the
two turbulent soldering waves in a single apparatus. Only one transport pump for the solder
is provided for the two soldering waves. Given a correct construction, shape, and positioning
of the nozzles, two soldering waves will arise which are mutually attuned and attuned to the
assembled units to be soldered. The liquid solder in the first soldering wave is propelled
from the first nozzle at an acute angle against the assembled units in the transport direction.
The liquid solder in the second soldering wave is propelled against the assembled units
through the second nozzle at an acute angle in the opposite direction.

In a further embodiment of the invention, the divided shaft comprises a
knife-edge strip whose tip together with a fixed strip forms a first nozzle, while the knife-
edge strip is provided with a second opening which forms a second nozzle for the issuing
solder. This construction has the advantage that the knife-edge strip according to the
invention may simply replace a component which was used anyway in known constructions
for forming only a single nozzle. Further constructional changes are not necessary then.

According to a further embodiment of the invention, the two nozzles
which narrow from the inside to twards the outside are mutually attuned such that, when
solder is provided by a pump, the mutually opposed soldering waves issuing from the two
nozzies lie substantially at the same level in relation to the transport belt. An even wetting of
the assembled units to be soldered is safeguarded thereby.

In the drawing, Figs. 1 to 3 diagrammatically show embodiments of the
object of the invention. Fig. 4 shows a known construction.

Fig. 1 diagrammatically shows an apparatus: for wave-soldering assembled
units,

Fig. 2 shows a dual-nozzie arrangement according to the invention for
generating two soldering waves in opposite directions,

Fig. 3 shows three views of a component according to Fig. 2, and

Fig. 4 shows a known nozzle arrangement for generating a single

soldering wave.

The soldering apparatus of Fig. 1 comprises a transport belt 10 on which
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assembled units 12 to be soldered are transported in a direction 11. During this transport, the
assembled units 12 are conducted over a soldering arrangement 13 which comprises two
reservoirs 14, 15 with liquid solder 16. In the first reservoir 14, the solder 16 is transported
by a pump 17 on the one hand to a nozzle 18 and on the other hand to a nozzle 19, so that
the issuing solder 16 forms so-called soldering waves 20, 21 at the narrowed outlets 18a,
19a, which waves wet the lower sides of the assembled units 12 to be soldered with their
upper tips and provide them with solder. The soldering wave 20 emerges at an acute angle
ol and is thrown against the assembled units 12 in the transport direction 11. The soldering
wave 21 issues at an acute angle o2 and is thrown against the assembled units 12 against the

transport direction 11. This construction achieves that no shadow regions can arise at the

lower sides of the assembled units to be soldered. After the assembled units have traversed

these turbulent soldering waves 20, 21, they enter the quiet soldering wave 22 by which any
short-circuit bridges created in the first soldering step are removed. Whereas the soldering
waves 20, 21 issue with a high flow velocity, the soldering wave 22 shows a quiet and slow
movement.

The construction of the nozzles 18, 19 is diagrammatically depicted in
side elevation in Fig. 2. The narrowing nozzle 19 with the outlet 19a is formed in a knife-
edge strip 23 which comprises two parts 23a,b. The other narrowing nozzle 18 with its outlet
18a is formed by a fixed strip 24 and the part 23a. The dual knife-edge strip 23a is fastened
to a fixed carrier 25. _
By way of contrast, Fig. 4 shows a prior-art construction where the knife-
edge strip 23’ is formed as a single component which forms only a single nozzle 18’ together
with the fixed strip 24’.

The knife-edge strip 23 of Fig. 1 is shown in Fig. 3 in plan view, in side
elevation, and in lateral cross-section. The projecting part 23a is fastened to the part 23b via
two arms 23a’ by means of screws 26. Slotted holes in the arms 23a’ render it poséible to
modify the size of the nozzle 19 and thus the size of the outlet opening 19a. The same can be
done for the nozzle 18 through relative shifting of the components 23 and 24 (Fig. 3).

Reference numeral 27 denotes bores for fastening the knife-edge strip on the carrier 25.
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1. : A method of wave-soldering assembled units (12) which are conducted

over a soldering unit (13) by means of a transport device (10), solder (16) being propelled in

a turbulent zone via a first, turbulent soldering wave (20) at an acute angle («1) in the

transport direction (11) and subsequently via a quiet soldering wave (22) approximately at

right angles against the assembled units (12), characterized in that solder (16) is supplied in

the turbulent zone also via a second turbulent soldering wave (21) at an acute angle («2)

against the assembled units (12), against the transport direction (11) thereof.

2. A method as claimed in Claim 1, characterized in that the solder (16) is

propelled against the assembled units (12) in the turbulent zone, seen in transport direction,

first against and then in the transport direction (11).

3. A method as claimed in Claim 1, characterized in that the solder (16) is

propelled in the turbulent zone, seen in transport direction (11), first in and then against the

transport direction (11).

4, An apparatus for carrying out a method as claimed in any one of the

Claims 1 to 3,

- with a transport device (10) for the assembled units (12) to be soldered,

- with a device (15) for generating a quiet soldering wave (22),

- with a device (14) for generating a turbulent soldering wave (20) in which the
solder (16) is propelled through a first nozzle (18) in the transport direction (11)
at an acute angle («1) against the assembled units (12),

characterized by a second nozzle (19, 19a) for generating a second turbulent soldering wave

(21) in which the solder (16) issues from the solder nozzle (19) at an acute angle («2) against

the transport direction (11) and is propelled against the assembled units (12).

3. An apparatus as claimed in Claim 4, characterized in that

- the two nozzles (18, 19) for generating the turbulent soldering waves (20, 21) are

constructed as a unit with a joint solder feed and a joint pump (17) for transporting the solder

(16), and

- a divided shaft (23, 24) is provided extending over the full width of the soldering track and

comprising the nozzles (18, 19) for propelling the solder (16) in and against the transport
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direction (11).

6. An apparatus as claimed in Claim 5, characterized in that the divided
shaft comprises a knife-edge strip (23) whose tip (23a) together with a fixed strip (24) forms
the first nozzle outlet (18a), and the second nozzle outlet (19a) is formed within the knife-

- edge strip (23).

7. An apparatus as claimed in Claim 6, characterized in that the knife-edge
strip (23) is subdivided into a projecting part (23a) and a base part (23b), and in that the
projecting first part (23a) is connected to the base part (23b) by means of two arms (232°),
thus forming the second nozzle outlet (19a).

8. An apparatus as claimed in Claim 7, characterized in that the parts (23a,

23b) are connected to one another by means of slotted holes and screws (26).

0. An apparatus as claimed in any one of the Claims 6 to 8, characterized in
that the knife-edge strip (23) and the fixed strip (24) are mutually adjustable.
10. An apparatus as claimed in any one of the Claims 4 to 9, characterized in

that the two nozzles (18, 19) which narrow from the inside towards the outside are mutually
attuned such that, when solder (16) is provided by the pump (17), the mutually opposed
soldering waves (20, 21) issuing from the two nozzle outlets (18a, 19a) lie substantially at
the same level in relation to the transport belt (10).
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