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Apparatus and met!lod for inarting a wave soldering 
installation 

The· present invention relates to an apparatus and 
. - . 

method for inerting a: wave s·olderincj" installation. having 
· 5 a solder bath and a conveying system for producing one or 

. more solder waves, such as is used, in particular, for 
soldering electric printed circuit boards. 

Wave soldering installations for soldering 
printed circuit boards ar.e . known, f.or example from US 

10 5, 121, 874. ·_In the case of the system described th,ere, the 
inerting· of the atmosphere over the solder. bath .:j.s 
achieved . by · ari elongated, closed covering, within which · 
the printed circuit boards to be soldered are transported_ 
and in which ·. an inert atmosphere_, generally nitrogen, is·. 

·15 "maintai?J.ed.· In the vicinity of the solder waves which are' 
produced · by the . wave soldering installation during 
operation, there are porous pipes which run parallel to 
the waves and through which inert gas emerges, so that a 
particularly low-oxygen atmosphere ·can be achieved, in 

20 particular underneath ·the printed circuit board to be 
soldered. 

In addition, us·. ·5, 411, 200 and· us 5, 409, 159 

disclose the practice of surrounding dist.1;~bution pipes 
for inert gas above the solder bath of a wave soldering 

. 2-S ·installation ·with cage-like housings, whi_ch allow. the 
inert gas to einerge through n~erous outlet o:penings. In 
those documents, a description is also given of the 
possibility of operating such a wave soldering 

installation with only a short covering hood or .even 
30 without a covering hood, by producing a very low-oxygen 

atmosphere underneath the printed circuit boards by means 
of skilful distribution of the inert gas above the· solder 
bath during. the passage of printed circuit bo·a·rds to. be 
sol~ered, ·and even in the state when no printed circuit . 

. 35 board is passing through, by producing a protective· laye,r 
of inert gas over the solder bath and the solder waves. 
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In addition, us 5,361,969 also discloses the 
practice .. of designing an apparatus for inerting a wave 
soldering installation as an immersion ·box which is 
closed at the sides and in which pipes .for di~tributing · · 

5 inert gas are mounted. 
However,· in the case of a wave so:J..dering 

installation, three different operating states may occµr, 
specifi.cally standstill of the installation (that is to 

. . .· . . 
say pl).ID.pS switched off and, accordingly, solder WaV~S not 

· 10 . present), installation operation without a: . printed 
circuit board passing through and installation operation 
with a printed circuit board passing through.· F.or all 
thr~e· states, it is nece~sary to ensure that lfttl~ 
oxygen gets to the surface of the ·solder. bath :Cl.nd ·the. 

15 solder waves. In addition, when a printed circuit. bo.ard 
is passing through, it must be ensured .. · that a . 
particularly 
proportions 

inert atmosphere 
of oxygen of less 

with 

than 
only very ... l~w 
10 ppm ·. can · ·. be · 

maintained underneath this. printed circuit board, where·. 
20 the soldering process is intended to take place, since 

. otherwise the quality of the soldered joints. becomes 
poorer. In addition, it is intended that such an 
installation should be. operated for as long as · possible 
without maintenance and should be as easy· as po·ssible tq 

25 . maintain. It is precisely on this point that the known· 
installations have weaknesses, since, for example., 

. . .. . 
splashes of solder, which are always produced during the 
operation of a wave soldering instaliation, can strike 
the. distributor pipes for nitrogen and block these . up 

30 over the course of time. This is critical in particular 
when the distributor pipes used are porous pipes with 
very fine pores. 

The object of the present invention is ·therefore 
the provision of an apparatus which permits the ine,rting 

35 of a .wave soldering installation under all operating 
conditions, with or even without a covering hood~.· and 
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which is designed to req~ire little maintenance and to be· 
easy to maintain. In addition, suitable methods for 
operating such an apparatus are to be specified. 

In ·order to achi~ve . this object, use is made of .. 
5 an apparatus according to Claim 1 and methods according 

to Claims 14 arid, 15. Advantageous and· preferred 
refinements of the apparatus. are specified in the 
dependent·claims. 

An apparatus . according to the .. invention for 
10 inerting· ·a, wave soldering . installation having a solder 

bath and a . conveying system for producing one or more 
solder waves, in particular for soldering electric 
printed· circuit boards, has an immersion box, which is 
closed on. all sides, shaped like a frame, can be immersed 

·• 15 · in the s.older bath and · has porous . pipes to distribute 
nitrogen, the .said pipes being arranged inside ·the 
immersion box in cage-like housings with outlet openings, 
the cage-like housings being designed . such that the 
porous·pipes are arranged therein in such a way·that the 

20 · por·ous . pipes can essentially not be struck · by solder 
splashes produced during the operation of the wave 

. . . . . : 

soldering installation. According to the invention, the 
cage-like· housings around the porous pipes are ·used not 
only to distribute the nitrogen into th~ desired regions 

25 · but in particular also to protect the porous pipes which.·· . . 

effect a uniform distribution. of the nitrogen within 
·their housing. As distinct ·from the prior art, the 
cage-like housings are configured not only from the point 
of · view of the arrangement of their outlet openings but 

30 also . from · the point of view of the possibility of 
preventing splashes of s6lder, entering through the 
outlet openings, getting to the porous pipes. 

. 35 

A particularly suitable arrangement ·for outlet 
openings · has proven to ·. be an arrangement of 
openings which are directed only to the sides 
downwards .. Since the most· important objective of 

outlet 

and/or 

all the 
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arrangemen~s fo_r inerting has always been to achieve an 
atmosphere with the lowest possible oxygen content 
underneath the printed circuit. board during · soideiing, 

· outlet openings were mostly also directed upwards against 
5 the circuit board. In addition, outlet openings . were 

arranged in the in~et region and in the outlet region of 
the arrangement, and were intended to prevent ·the· · 
penetration of oxygen, in particular in the ca-f3e of 
installations without a large~area inertized coyering. 

· 10 . Surprisingly, however~ outlet openings that are· ciir:ec:ted · 
to the sides and/or. downwards are sufficient to ensure · 
that the wave soldering installation is inerti.zetj. under 

·all operating conditions. If no printed circuit .t>oar:d to 
be soldered is present, then in the case of .: this. 

15 · ·embodiment inert gas flows uniformly over the .... sql,der 
surface. I.f a printed circuit board is present,.-then the· 
inert.gas can in any case escape only in the_ inlet region 
and in the outlet region of the pr.inted circui·t board, 
underneath the latter, so that the displacement of oxygen·. 

20 is .in any case ensured there. The arrangement of outlet 
openings according to the invention permits these. to be 

. arranged such that there is no straight-line connection 
from the surface of the solder bath and the solder waves 
through the outlet openings to the porous pipes, ·which 

25 . means that. the probability that the porous pipes can ·.be 
struck by solder splashes is considerably reduced.· 

As an alternative or supplementary measure,. the 
porous pipes can be arranged decentrally inside their 
cage-like housings, being arranged .further from the 

30 respective outlet openings than from those walls of the 
cage-like housings which lie opposite the outlet 
openings. This also reduces the striking probability of. 
solder splashes, without meaning disadvantages for the 
distribution of the inert gas. 

. . . 

35 For any solder splashes which nE!vertheless 
penetrate through the outlet ·openings, it is be:ilef icial 
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if the · said splashes can run off downwards into the 

solder bath through an intermediate space, within the 

cage,...like housings, which is open at the bottom. For this 

purpose, it is also particuiarly advantageous if all the 

5 walls ·of the cage-like housings have an inclination with 

respect to the hor1zontal, so that solder splashes 

striking the walls on the ·inside cah run off downwards,· 

·without ~triking the p6rous pipes. In particular, it is 

also impossible for any solder splashes to run along _the 

10 wails above the porous pipe and then to drop orito the 

pipes .. 

In particular for ·ah. arrangement· without· any 

covering which can be inerted, · it is benef fcial if a 

first porous pipe is arranged on the inlet side of . the 

· 15 apparat.us, parallel to the solder wave, and' a second 

porous pipe is arranged on the-opposite, outlet side. 

-If the · wave soldering installation has two or 

more sol_der waves, then, according to the invention, a 

further porous pipe is prefe~ably arranged between each 

20 · .. ·two ·solder waves and paralle1 to these, the cage,...·lik_e 
. . 

housing of the said pipe being curved in a semicircular . . 

cross section above the. further porous pipe and being led 

down at the . sides as far as below the pipe, there being 

at least one outlet opening only below .the porous pipe. 

25 · In this way, the porous pipe can virtually_ not be struck 

at all by solder splashes, but .. permits inert gas to flow 

out precisely where it is needed, specifically into the 

region of the flank of the solder wave. At · those points 

where the solder wave flows back into the solder bath, 

30 turbulence may be produced, which is a particularly 

critical point for oxidation of the surface of the solder 

b~th. Reliable inerting of this region is achieved by 

means o_f the arrangement according to the inverition. 

For .solder waves which are located .· physically· 

·35 very close beside one another, the furth~r porous pipe is 

· selected· to have .a smaller cross section than the other 
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porous pipes, a_nd is provided with a cage-:-like housing 

that is located closely over it, so that there is. a gap 

of 1 to 3 mm between this housing and the poro:us pipe, 

through which gap the inert gas ·can flow. uniformly. . This 
5 arrangement is particularly compact and, in the . case 

where the porous pipe and the housing are suspended on 
the side walls of the immersion box, does not. reqtiire_qny 
interfering built-in fittings in the region in which the 

solder. waves flow back into the solder bath. 
· 10 Use i~ · preferably made, for the· · . present 

invention, of porous pipe.s having a mean pore . size of 0. 3 

to 2 µm, in particular O. 4 to o. 6 µm. In generai, .porous 

pipes · made· of sintered ·metal are used, which bave an 
expansion coeff icieht which . is similar to that . of: · the . 

15 metallic immersion box, so that fastening to the walls. of 
the immersion bo:X is relatively simpiy possible. As a · 
result of the· reduced. striking probability for solder 
splashes on the sintered metal pipes, according' to ·t.he 
invention, it is also possible for very fine-poreq. pipes· 

20 to remain in use without maintenance for a long time, ·and 

after that can easily be replaced by being mounted .·simply 
in the immersion box. Fine~pored pipes permit. a·· very 

uniform distribution of . the inert gas within the. 
c·age-like housings, a very uniform flow of the inert gas 

25 . through the outlet . openings being produced, which is a 
precondition for good inerting of the sold~r bath 

surface, even when there is no printed circuit board 
present. 

According to another aspect of the present 
30 invention, which is intended in particular to be ·suitable 

for wave soldering installations without an inerted 
co_vering hood, at least one· guide plate· is additionally 

fastened to a cage-like ·housin~ in regions of turbulence 

in the solder bath or in regions ih which_ solder spl!!ishes 

35 are t:o be expected to an increased extent; the.said guide 
. . . . 

plate being able to deflect -solder splashes downwards and 
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to reduce turbulence as a solder wave is flowing back 
into the solder bath. It is particularly preferred for 
there to be an additional outlet opening for inert · gas 
underneath ·such a guide plate, so· that the turbulent 

5 region underneath the guide plate is covered particularly 
~ell by ~nert gas~ 

As already mentioned, in the c:ase of the present 
invention it is particularly important to achieve good 
inerting even in operating . states in which there is no 

10·· printed · circuit board present above the wave so·ldering 
installation. This is assisted if the outlet openings ~re 
configured so as to have a relatively lar~e area and, as 
a result of their shape and arrangement, bring about a 
very uniform flow over the surf aces of solder. bath and 

. 1"5 solder wave. 

It is particularly beneficial for the operation 
of the·apparatus according to the invention if a greater 
flow ot inert· gas is led through the second porous pipe 
at. the outlet side of the apparatus than through each of 

20. the ·otber porous pipes. Typically, in the case of a ·wav:e 
soldering installation, the printed circuit boards are 
guided so that they rise slightly with· respect to the 
horizontal, with ·the result that, in the outlet.· region, 
there is a greater distance between .soider bath . and 

25 · printed .circuit board or the upper edge of the·. immersion 
box than at the inlet side. In.addition, there is in this 
region, because of a solder wave that is present there, a 
region .of · increased· turbulence, which is ·covered, for 
example, with a guide.plate. An additional inert gas flow 

· 30 . in this region is therefore useful in order to configure 
the .inerting to ·be as beneficial as possible iri this 
region as well. 

It . is particularly advantageous to supply the 
apparatus according to the invention with nitrogen. at a 

35 temperature far below the temperature of the solder bath, 
preferably 100 to 400 K · below the temperature of the 
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solder bath. In particular, nitrogen can be supplied at 
. . 

an ambient temperature of about 20°C. This nitrogen 
ini tial:lY occupies. a low volume as it is supplied and as 
it emerges from the outlet openings, by. which ·means low 

5 outflow velocities and hence a very uniform to laminar 
flow are achieved. However, the nitrogen warms u~.in the 
region of the immersion box above the solder bath, a~ a· 
result of which its volume becomes significantly gr¢~ter. ' 
As a result, it fills the entire system very un~formly 

10 and esca·pes to the sides and upwards and/or beiow the . . . 

printed circuit board, at the sides of the latte;r; with· a 
greater volume flow. This process may be somewhat less 

· beneficial· in energetic terms than supplying preheated 
nitrogen or nitrogen at the. temperature of the solder. 

15 bath, but leads to very good inerting. · Since the.: .P.o:;ous 
pipes are 'not likely to be struck by.solder splashes, .1t 
is·· also not a disadvantage that these pipes are·. at . a 
lower. temperature·, .. so that solder splashes could ·.stick to. 
them. 

20 An exemplary embodiment of the invention, but to 
which the latter is not restricted, is described in more . 

. detail below with reference to the drawing, in which: · 
Fig. 1 shows a schematic longitudinal section. through 

an apparatus according to the invention, and 
•25 Fig. 2 shows a view from above of the apparatus 

according to Fig. 1. 

The .. present exemplary embodiment relates to · an 
overall arrangement of a wave soldering installation, 
such as is described, for example, in the abovementioned 

30 us 5,411,200 or 5,.409,159, to which -reference' is made 
fully here to this extent.· The present invention is 
concerned here only with the attachment to such an. 
installation in order to inert the surfaces. Fig. 1 shows· 
a longitudin.al section in schematic form through the 

35 apparatus according to the invention. Mounted .in an 
immersion box 1, which is. closed at the sides;. are a 
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first porous pipe 2, a second porous pipe 3 and a further 
porous pipe 4. These pipes are in each case arranged 
within cage-like housings 5, 6, 7, these housings having 
outlet openings 8, 9, .. 10. The porous pipes 2,. 3, 4 are 

5 not arranged centrally or symmetrically in the cage-1.ike 
housings 5, 6, 7; instead they have the greatest possible 
spacing from the respective outlet opening 8, 9 or 10. 

The entire immersion . box is placed onto a wave 
soldering installation, pa,rt of the immersion box dipping 

10 into the solder bath 19, to be. specific to such a depth 
that, e~en in the even~ of fluctuations iQ the level .in 
the· solder bath, no gap can d.evelop through .which ambient 
air could penetrate. During the operation of the wave 
soldering installation, solder waves 14, 15 . are located 

· 15 at the po"ints indicated schematically in Fig. 1. The 
outlet openings 8, 9, 10 and the arrangement of the 
porous.· pipes 2, 3, 4 in the cage"'."'like housings 5, 6, · 7 
are selected .such that splashef; of solder have only a 
very low probc;tbili ty of being able to strike the · porous 

20. pipes 2, 3, 4. In particular, there is no stra.ight 
connecting · line from the solder bath 19 or the. solder . . . . . . . 

waves 14, 1.5 through the outlet openings 8, 9, 10 to ·the 
porous pipes 2, 3, 4. _ Any solder splashes neverthele.ss 
penetrating through the outlet openings 8, 9, 10 can flow 

25 off towards the solder bath via intermediate spaces 11, 
12, 13 which are open at the bottom, ·this being assisted 
by the fact that all the walls of the cage-like housings 
5, 6, 7. run at an angle, in particular at such an angle 
that no solder can drop · ont.o the porous pipes 2, 3, 4. 

30 . This is also assisted by the ;fact that the cage-like 
housings have no ·openings on the upper side. For reasons 
of space, it is often not possible to arrange, ·between 
two solder .waves 14, 15, a porous pip~ with a' cage-like 
housing whose walls reach down into the solder bath. 19 ~ 

. 35 According to the present invention, therefore, a further 
porous pipe 4, preferably one having a smaller cross 
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section than the remaining porous·pipes 2, 3, is·arranged 

· at such . a point, the said further porous pipe ·4 being 

surrounded by a housing 7 which is ctirved irito a 

semicircle above the further porous pipe 4 and i$ 1~d 

5 further down at the s;i.des than the cross section of the 

porous pipe 4 . · Produced in this way is at least one 

outlet opening 10, which is directed downwards and at th~ 

same. time, by means: of an intermediate space .13 that. is· 

open at the bottom~ is so far removed from the further 

10 porous pipe 4 that solder splashes cannot reach as far as 

this pipe but, if necessary, can run off downwards~ A gap 

16 with a width of 1 to 3 mm is located between the 

further porous pipe 4 and its cage-like housing . 10. The 

porous pipes themselves . are preferably produced · ·from 
. . . 

15 sintered metal and have a pore size between 0. 3 and 2. µm, 

preferably 0.4 to 0.6 µm. 

· In regions of. increased turbulence· in the solder 

bath .19, that is to say, in the present exampl.~; ·wh~re 
the solder wave 15 flows back into· the solder bath. 19 

20 again, according to the . invention a guide plate 17 is 

preferably arranged on the cage-like housing· .. 6 .·of ·.the. 

second porous pipe 3. This guide plate 17 · red~ces · .. 

turbulence and deflects solder splashes downwards, at the· 

same time leading inert gas, which emerges fromari outlet 

25 opening 18.underneath the guide plate .17, into the region 

of the turbulence and thus protecting the · surface 

particularly effectively against oxidation at that po.int .. 

The otitlet openings 8, 9, 10 are confi~ured in such a. way · 

that they produce a very unif orrn nitrogen flow in the 

30 direction of the interior of the immersion box 1 and/or 

along the solder waves 14, 15. This is assisted if · 

nitrogen at ambient .. temperature or in· any case at a . 

temperature far below the temperature of the solder bath 

19 is introduced as the inert gas. The volume of the 

35 nitrogen is then still relatively low when .it is 

introduced,· which favours uniform flows without 
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turbulence, the nitrogen then heating up above the solder 

bath .and emerging upwards or to th.e side with a greater 

volume. As a result, in the case where a printed circ·uit 

board is. present, ambient oxygen is reiiably kept away. 

5 from the region of the printed circuit board which is to 

be soldered. If there is no printed circuit board above 

the immersion box 1,. the entire interior of the immersion 

box nevertheless remains very largely inerted, 

specifically both during , the operation of the .solder 

10 .pumps and .when they are stopped. 

A further view from above· of the immersion box .is 

illustrated schematically in Fig. 2. 

The present invention is suitable, in particular, 

~or compact installations without an inerted covering, 

15 and enables the soldering of printed circuit boards with 

high quality .with. very long service times of ·the 

installation and simple maintenance .. 
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1. · Apparatus for inerting a wave soldering 
installation having a solder bath (19) . and a conveying· 

5 system for producing one or more solder waves ·· ( 14 ,. 1!;5) , 
in particular for soldering electric printed . ~ircuit 
boards, having an immersion box ( 1) which is · clos~d . on 
all sides,· shaped like a frame, can be immersed in the· 
solder bath (19) and which has porous pipes (2, 3,, 4) to 

10 distribute.nitrogen, said pipes ·being arranged inside the 
immersion box in cage-like housings (5, 6, 7) with outlet 
openings (8, 9, 10), the cage-like housings (5,. ·6, 7) 
being designed such that the porous pipes (2, 3i 4) ~ie 

arr~nged therein in such a way that ·the porous .pip~s (2,-
l5 · 3, 4) essentially cannot be struck by solder· · s.plashes 

produced during the operation of the wave ·soldering 
installation. 

2. Apparatus according to Claim 1, the cage."".'l~ke 
housings (5, 6, · 7) having outlet openings (8, ·9, 1,0). 

20 which are directed only to the sides and/or downwards.· 
3. Appar·atus according to Claim 1 or 2, the.· porous · 
pipes (2, 3, 4) being arranged decentrally inside· their 
cage-like housings (5, 6, 7), in particular further from· 
the respective outlet openings (8, 9, 10) than from :those 

25 walls of the cage-like housings (5,. 6, 7) which lie 
opposite· the outlet openings. 
4. Apparatus according to Claim 1 or 2, there· being 
in each case, between the outlet openings (8, 9, 10). and 
the porous pipes (2, 3, 4), an intermediate- space (11, 

30·12, 13) which is open at the bottom within·the cage-like 
housings (5, 6, 7) and which permits solder splashes to 
run off downwa.rds. 

5. Apparatus according to one of claims 1 or 2, al·l 
the walls of the cage-like housings (5, 6, 7) havi_ng an 

35 inclination with respect to the horizontal,. so that 
solder splashes striking the walls on the inside· can run 
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off downwards, without striking the porous pipes (2, 3, 
4) • 

6. Apparatus according to one of claims 1 or 2; at 
least a . first porous· pipe (2) being· arranged on an inlet 

5 side of the apparatus which lies parallel to the .solder 
wave (14), and a second porous pipe (3) being arranged on 
ari opposite, outlet si.de, in each case in the upper 
region of the immersion box (1). 
7. Apparatus according to Claim 6, in whichl'. in the 

10 .case of ·a wave soldering installation having at least two 
solder waves ( 14, 15) , a further porous pipe ·( 4) is 
arranged· between each two · .solder waves ( 1.4, 15) and 
parallel to these, the cage-like housing (7) of the said 
pipe ·being curved in a semicircular cross sed:ion above. 

·• 15 the further. porous pipe ( 4) .and being led down at the 
sides as far as be.low the further porous pipe ( 4) , and 
having at least one outlet opening (10) only below the 
furthe.i;:- porous pipe ( 4) •. 

. 8. ·Apparatus according to Claim 7, .the further 
20 . poro·us pipe ( 4) having a smaller cross section than· the . . 

first .(2) and second (3) ·porous pipes. 
9. Apparatus according to Claim 7, there being . a ·gap 
( 16) of 1 to 3 mm on . the inside between the cage-like 

housing (7) and the further. porous pipe. (4). 

25 · 10. Apparatus according to one of claims 1 ·qr 2, the 
porous pipes (2, 3, 4) having a mean pore size of 0.3 to 
2 µm, in particular 0.4 to 0.6 µm. 

· 11. Apparatus according to one of claims 1 or 2, in 
which at least one guide plate. ( 17) is fastened ·.to a 

· 30 cage-like housing ( 6) in regions of turbulence in the 
solder. bath and/or in regions in which solder splashes 
are to be expected to an ~ncreased extent. 
12. App~ratus according to Claim ll, there being at 

·1east one ouflet opening (18) for nitrogen underneath the 
35 gu•ide plate ( 17) • 
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13. Apparatus a.ccording to one· of claims 1 or 2, ·al.I 
the outlet openings (8, 9, 10) being configured such,~hat 
the most uniform .nitrogen flow ·with· low turbulence is 
produced. 

5 14. Methop of operating an apparatus acco~ding· ·to 
Claim 6, the flow . of nitrogen through the second. porous 
pipe (3) on the outlet side being greater·.· than ·the 
respective· flow through each of the remaining porous· 
pipes (2, 4). 

10 15. Metbod of. operating an apparatus according to 
Claim 1, the nitrogen being supplied at a temperat::ure far· 
below the. temperature of the solder bath ( 19) , prefe·rably 
100 to 400 K below; in particular approximately at an 
ambient te~perature of about 20°C. 


