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Apparatus and method for 1nert1ng a wave solder;ng
o installation _
. The present invention relates to an apparatus and

'method for 1nert1ng d wave solderlng 1nstallatlon hav1ng.

a solder bath and a conveylng system for produc1ng one or

" more solder waves, such as is used, in partlcular, for
_ solderlng electric prlnted circuit boards. '

Wave solderlng 1nstallat10ns for soldering

prlnted c1rcu1t boards are known, for example from{_US ;”'"
5,121, 874 In the case of the system described there, the

1nert1ng of the atmosphere over the solder. bath'_is .
achleved.by an elongated, closed-eovering;-within Which’

'_the printed circuit boards to be Soldered are transported
‘and in which an inert atmosphere, generally nitrogen, is
maintained. In the vicinity of the solder waves which are'
produced by the wave soldering installation during

-rf_operation, there are'porous pipes which run'parallel-to
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the waves and through which  inert gas emerges, so that a
partlcularly low-oxygen atmosphere can be achleved, in

_partlcular underneath the prlnted c1rcu1t board to be

soldered.”-h : ' .
In addition, US"' ‘5,411, 200 and' us 5 409,159
dlsclose the practlce of. surroundlng dlstrlbutlon pipes

for 1nert gas above the solder bath of a wave solderlng'
flnstallatlon ‘with cage-like hou31ngs, which allow. the -

inert gas to emerge through numerous outlet openlngs In

' those documents, a description is also given of the~

pQSSlblllty of operating = such a wave solderingf

installation with only -a short covering hood or .even
without a covering hood, by produéing a very low-oxygen
- atmosphere underneath the prlnted c1rcu1t boards by means
of skilful distribution of the 1nert gas above the’ solder-

bath during. the passage of prlnted circuit boards to be
soldered, and even in. the state when no printed circuit’
board is passing through, by producing a protectlve layer
of inert gas over the solder bath and the solder waves.
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“is .pa531ng through, it must be ensured. that _

particularly “inert atmosphere with = only very 1ow _h'
proportions of oxygen of ‘less than 10 ppm ,p bez-
dmalntalned underneath: this- prlnted c1rcu1t board, whereg
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In addition,’ US 5,361,969 also dlscloses théﬁ

'practlce of des1gn1ng an apparatus for 1nert1ng a wave-'h
' solderlng installation as an 1mmer51on -box Wthh is
‘closed at the 31des and 1n whlch pipes .for dlstrlbutlng---

1nert gas are mounted _ _
: However, in the oase of a wave- solderlng'
1nstallatlon, three different operating states may occur,”
specifically standstill of the 1nstallatlon (that_;s to
say pumps sw1tched off and, aocordlngly, solder waves'hot.

.present), installation operation without . a“;rprihted_

circuit board passing through and installation_operation

with a printed circuit board passing through.f:Eorf alIIp_ ir

three - states, it is necessary to ensure that iittle

oxygen gets to the surface of the solder bath and the-_
solder waves. in addition, when a printed c1rcu1t board -

the_solderlng_prooess.ls intended to take place,-sihce'i
.otherwise theé quality of the soldered joints"becomesg

- poorer. In addltlon, it 4is intended that shch' an -
. 1nstallatlon should be operated for  as long as p0351ble'”

w1thout malntenance and should be as easy as poss1ble to

_malntaln. It is precisely on thlS p01nt that the known" _
installations have weaknesses, s1nce, . for example,_d :

splashes of solder, whlch are always produced durlng the' _
operation of a wave soldering installation, can .strlke -
the. distributor pipes for nltrogen and block these"Up
over the course of time. Thls is critical in partlcular
when the d;strlbutor plpes used are porous pipes - w1th
very fine pores. ' I _

The object of the present invention is- therefore
the prov151on of an apparatus Wthh ‘permits the 1nert1ngu'
of a . wave solderlng 1nstallat10n under all operatlng

condltlons, with or even w1thout a covering hood and_' o
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_-which 1s de51gned to require little malntenance and to be'

easy to maintain. In additien, suitable methods for
operatlng such an apparatus are to be spec1fied.
In order to achieve this object, use 1s made of“

1an apparatus according to Claim 1 and methods- according

to Claims 14 and-‘ 15. Advantageous . and preferred -
refinements of the apparatusj are spec1f1ed in theh"

_'dependent claims. .

_ " An apparatus -according to the “invention'pfor; .
inerting 'a wave soldering installation having a 'solder

bath and a conveying system for producing one or more__'

solder waves, in particular for soldering electrlc :
printed c1rcu1t boards, has an immersion box, wh1ch is

'closed on, all sides, shaped 11ke a frame, can be 1mmersedi"

in- the solder' bath and has ‘porous. pipes to distribute

'_nitrogen, the; said pipes being arranged 1n51de the_
: 1mmer51on box 1n cage- like housings with outlet openlngs,

20

25

30

.35

the ‘cage- llke hou51ngs being -designed - such that the_
porous pipes are arranged therein in such a way ‘that the

;porous pipes can essentially not be struck by solder
-splashes produced during the ‘operation of the . wave
soldering installation..Accordlng to the 1nvention, the

cage-like hou51ngs around the porous pipes are used not
_iny to distribute the nitrogen into the deSired reglons

-but in particular also to protect the porous pipes which = -

effect a wuniform distribution of . the nitrogen w1th1n~'

'their housing. As distinct - from the prior art, the

cage-like housings'are configured not only from the point
of-#iew of the'arrangement of their outlet openings but
also from the .point of view of the possibility of -
preventing splashes of solder, entering through the
outlet openings, getting_to-the porous pipes.

' A particularly suitable arrangement “for .outlet
openings - has proven' to. be an arrangement of outlet.
openings which are directed only to the sides and/or

fdownwards.-81nce the most’ important objective of all the
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arrangements for 1nert1ng has always been to achleve an

‘atmosphere with the lowest p0351ble oxygen: content
'_underneath the printed circuit board during - solderlng,"
“outlet openlngs_were mostly: also directed upwards against

the circuit board In addition, . outlet openlngs were'
arranged in the ‘inlet region and in the outlet reglon of
the arrangement, - and were intended to prevent jthe"'
penetration . of oxygen, in particular in “the case of -
installations without a.-largefarea_ inertized covering.

- Surprisingly, however, outlet openings that are-direCted”
to' the sides and/or downwards are sufficient to ensure

that the wave soldering installation is:inertiZedfunder

-all operating conditions. If no printed circuitlboard to

be SOldered is present, then .in the case of thls-j”
embodiment inert gas flows un1form1y over the solder

surface. If a prlnted c1rcu1t board is present, then thel"
inert gas can in any case escape only in the 1nlet reglon'_-“-
'and in the outlet region of- the printed c1rcu1t board,

underneath the latter, so that the dlsplacement of oxygen;'
1s_1n.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 connectionV.

. from the surface of ‘the solder bath and the" solder waves -
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.through the outlet openlngs to the porous plpes, whlch _
_means that-the probability that the porous pipes can_be“__

.struck by solder splashes is con51derably reduced. o
As- an alternatlve or supplementary measure, theff

- dporous plpes can be arranged decentrally inside- thelr
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cage- like hou51ngs, belng arranged further from the
respective outlet - openlngs than from those walls of the
cage-like hous1ngs  which lie opposite the outlet
‘openings. This also reduces the striking probablllty of,

'solder splashes, without meaning disadvantages for the'

dlstrlbutlon of the inert gas.
For any solder splashes which nevertheless
penetrate through the outlet openlngs, it is benefioial'
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_ plpes.

if the said splashes can run off downwards vinto_ the
solder bath through an intermediate space, within the -
cage-like hou31ngs, which is open at the bottom. For this

'purpose, it 1s also partlcularly advantageous if all the
_wallsfof_the cage like housings have an 1nc11nat1on ‘with
‘respect to the horizontal, so that solder splashes -

striking the walls on the inside can run off downwards,

lw1thout striking - the porous pipes. In particular, 1t 1s_'

also 1mp0551ble for any solder splashes to run along the
walls above the porous plpe and then to drop onto the

In-”particular- for -an . arrangement w1thout any

. covering: which can be-_inerted,- it is beneficial if a

15

20

25

_30..,

- 35

first'porous pipe is_arranged on the inlet 51de_of-thet
apparatus,' parallel to the solder wave, and’ a sedond

'porous plpe is arranged on the - opp051te, outlet side.

If the - wave solderlng installation has two or
more solder waves, then, accordlng to the 1nventlon,.a
further porous pipe is preferably arranged between each

. two 'solder waves and parallel to these, the cagé—like

-hou51ng of ‘the said pipe being curved 1n a sem1c1rcular
cross sectlon above the further porous pipe and being led

_down at the 51des as far as below the pipe, there being

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

In this way, the porous pipe can v1rtually,not.be struok'.f

at all by solder splashes, but. permits inert gas to flow
out precisely where'it is needed, spec1f1cally into the
'reglon of the flank of the solder wave. At those p01nts
where the.solder.wave flows back 1nto_the_solder bath,

‘turbulence may be produced; which is a particularly o
.crltlcal point for oxidation of the surface of ‘the solder e
: bath.: Rellable inerting of this region is achieved by

means of the arrangement accordlng to the 1nventlon.
' For solder waves whlch are located phy81cally-
very close beside one another, the further porous plpe is

selected to have a smallér cross section than the other
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porous pipes, and 1s prov1ded with a cage-llke hou51ng'

- that is located closely over it, so that there 1s a gap"
'of 1 to 3 mm between this housing and the porous plpe,
'through ‘which gap the 1nert gas ‘can flow. unlformly Thls_'3

arrangement is partlcularly .compact -and, in the case
where the porous pipe and the housing are suspended on
the side walls of the immersion box, does not requlre anyf”

: 1nterfer1ng bUllt -in- flttlngs in the reglon in whlch the*"

solder waves flow back into the solder bath. _
Use is' preferably made, for the’ present o
1nventlon, ~of porous plpes having a mean pore 81ze of 0. 3

to 2 um, in particular 0.4 to 0.6 pm. In general porous;gl'
pipes made of sintered metal are used, which have an
-expan31on coeff1c1ent which . is similar to that “of ‘the. .
metallic immersion box, so that fastening to the walls of

~ the 1mmers1on box is relatlvely 51mply poss1ble As a"

result of the reduced. striking probablllty for solderr

splashes on the s1ntered metal plpes, accordlng to the;"p
~ invention, 1t is also possible for very flne-pored plpesx'”"

to remaln in use without maintenance for a long tlme, and

after that can ea31ly be replaced by be1ng mounted 81mplyﬁ'ﬁ

in the 1mmer31on box. Flne—pored pipes permlt a- very :

uniform dlstrlbutlon of ,the 1nert_ gas within _the_5'”

cage- like housings, a very unlform flow of the inert gas

.through the outlet | ‘openings being produced, which is a

precondition for good inerting = of  the solder bath
surface, even’ when there is no prlnted 01rcu1t board

present.

According to another aspect of the preSent'
invention, which is intended in particular to befsuitable
for wave soldering installations without an-'inerted :

_covering hood"at least one guide plate is additionally .
"fastened to a cage like housing in regions of turbulence

in the solder bath or in regions in which solder splashes
are to be expected to an increased extent, the sald gulde

- 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 forbi.f'

there to be an additional'outlet opening for . inert'gas

' underneath “such a guide ‘plate, so that the turbulent
.region underneath the guide plate is covered particularly-

well by inert gas.

As already mentioned, in the case of the present_”

"__1nvention it is particularly' important to achieve good_ﬂ

h'loﬁ

inerting even in operating states in which there 1s no

.printed 'circuit board present above the wave soldering .
: installation. This is assisted if the outlet openings are,”

configured so as. to have a relatively large area and, as-

. a result of their shape and arrangement, bring about a
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- very:uniform flow over the surfaces of SOlder:bath.andi'
15 R

solder wave. _ :

It is particularly benefic1al for the operation-
of. the- apparatus according to the invention if a greater'
flow”of'inert gas is led through the second porous. pipe
at the outlet Slde of the: apparatus than through each of -
the ‘other porous pipes. Typically, in the case of a.wave
.soldering installation, thel 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 solder bath and :
25

printed.circuit board or the upper_edge of the[immersionh
box than at the inlet side. In addition, there is . in this
‘region, because of a solder wave that is present there, a
7region .off increased-'turbulence, which is 'covered, for '
example, with a guide plate. An addltional inert gas flow
‘in this region is therefore useful in order to configure”

the 1nert1ng to be as benef1c1al as poss1ble in this _.'
: region as well.

'a.It is particularly advantageous to supply the
'apparatus according to the 1nvention with nitrogen.at a

_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 n1trogen.--'
' 1n1t1ally occuples a low volume as it is suppl1ed and as”
" it emerges from the outlet openlngs, by Wthh means low s

outflow veloc1t1es and hence a very uniform to. lamlnar
flow are achieved. However, the nitrogen warms up 1n the'
region of the immersion box ‘above the solder bath,‘as a

result of which 1ts ‘volume becomes significantly greater.*“

As a result, it fllls the entire system very- unlformly.v
and escapes to the sides and upwards and/or below the_
printed circuit board, at the sides of the 1atter, w1th a
greater volume flow. This process may be somewhat less

"beneficial in energetic terms than supplying preheated S
. nitrogen or nitrogen at the temperature of the Hsolder_'

:bath but leads to very good'inerting.'Since the'porous
pipes are not llkely to be struck by solder splashes,_it;

is also not a dlsadvantage that these plpes are at a__u7
_lower temperature, so- that solder splashes could stlck to.
~ them.

An exemplary embodiment of the 1nvent10n, but todpﬂ
whlch the latter is not restricted, is descrlbed 1n moreg'*

- -detail below with reference to the drawing, in whlch'“
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Fig. 1 shows a schematic longltudlnal sectlon through--
an apparatus according to the 1nventlon, ‘and

 Fig. 2 shows a view from above of the apparatus'

according to Fig. 1. :
The present exemplary embodlment relates to- an_j

overall arrangement of a wave solderlng 1nstallatlon,:

such as is descrlbed for example, in the abovementloned':
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'*anﬂ
"installation in order to inert the surfaces. Fig. 1 shows‘

a longltudlnal section in schematic form through ‘the
apparatus accord;ng to the invention. Mounted ,1n _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_f

Within cage—like'housings 5, 6, 7, these housings having .
‘outlet openings 8, 9, 10. The porous pipes 2, 3, 4 are

not arranged centrally or symmetrlcally in the cage -like .
housings 5, 6, 7; 1nstead they have the greatest p0551ble-
spacing from the respectlve outlet opening 8, 9 or 10. ,

" The entire immersion box is placed onto a wave '
solderlng 1nsta11atlon, part. of the immersion box dlpplng
.into the solder bath 19, to be specific to such a depth

' that even in the event of fluctuatlons in the level 1n

the - solder bath, no gap can develop through whlch amblent

. air could penetrate. Durlng the operation of ' the wave'
- soldering'installation; solder waves 14, 15 are locatedt
~15

at the points 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 splashes of solder have only' a
very low probablllty of belng able to strlke the porous

..plpes 2, 3, 4. 1In partlcular, ‘there is no stralght__

connectlng line from the solder bath 19 or the. solder

waves 14, 15 through the outlet openings 8, 9, 10 to the_"'

porous plpeS 2, 3, 4..Any 'solder splashes nevertheless _
penetratlng through the outlet openings 8, 9, 10 can flow

- 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- llke hous1ngs
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5, 6, 7 run at an angle, in particular at such an angle

- that no solder can drop - onto the porous pipes 2, 3, 4.

.This is also assisted by the fact that the cage-llke ;
housings have no openlngs on the upper side. For reasons
'of space, it_is-often not possible to arrange, ‘between
two-SOlder waves. 14, 15, a porous pipe with a cage- like
_hou51ng whose walls reach down into the solder bath 19.
Accordlng 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 plpe 4 belng '
”_surrounded by- a _hou31ng 7 which is curved. 1nto
'_semicircle above the further porous pipe 4 and is -led -
further down at the sides 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 the
same. time, by means of an 1ntermed1ate space 13 that 1sf'
open at the bottom, is so far removed from the further'

. porous pipe 4 that solder splashes cannot reach as far as
this plpe but, if necessary, can run off downwards. A gap'“l
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 _
‘sintered metal and have a pore size between 0.3 and 2 um,'“

preferably 0.4 to 0.6 pm.

" In regions of 1ncreased turbulence in the solder ;31
dbath 19, that is to say, in the present example, where

" the solder wave 15 flows 'back into the solder bath 19[
.agaln, according to the invention a guide plate 17 is

preferably arranged on the cage- llke hous1ng 6 of thel

. second porous pipe 3. This guide plate 17 .reducesf;r"
. turbulence and deflects solder splashes downwards, ‘at the

same time leading inert gas, which emerges from' an outlet

. opening 18 . underneath the gulde plate 17, into the reglon-

of the . turbulence and thus protectlng the. 'surface
'[partlcularly effectlvely against oxidation at that p01nt,j
~ The outlet openlngs 8, 9, 10 are configured in such a. wayl

that they produce a very uniform nitrogen flow in the

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

along the solder waves 14, 15. This is as51sted if

'nltrogen at . amblent ‘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
nitrogen is then still relatively low when'rit” is -
introduced, '_which favours  uniform flows Without"
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_ turbuleﬁce, the-nitfogen'then'heating up above the solder

bath and emerging upwards'or to the side with a greater '
volume. As a result, in the caee where a printed circuit

board is preSent, ambient'OXygeh is reiiably kept away .
-from the region of the printed c1rcu1t board Wthh is to

© be soldered. If there is no printed circuit board above

10

~high quality .with very long service times of ‘the

the immersion box 1, the entire 1nter1or of the_lmmer51on3

box nevertheless remains very largely _inefted S
'spe01flcally both during . the operation of the solder
-pumps and when they are stopped. '

A further view from above of the 1mmer31on box is

'1llustrated schematlcally in Fig. 2.

‘The present 1nventlon is sultable, in partlcular,
for compact installations without an inerted coverlng,_
and_enables the soldering of printed circuit boards with

installation and simple maintenance.



10 .

15.

20

25

30"

35

‘WO 0025971 | B 3 PCT/EP99/07378

o 12
i

i

1.  Apparatus for inerting . a wave soldering

installation having a solder bath (19) and a- conveylng“w
.system for producing one or more solder waves (14, 15)[
in particular for solderlng electric prlnted' Circult'
boards, having an immersion box (1) which is- closed onf
all sides, shaped like a frame, can be 1mmersed 1n ‘the -

solder bath (19) and which has porous plpes (2,;l¢ 4) to.

dlstrlbute nltrogen, said plpes_belng arranged inside.the
immersion box in cage- -like housings (5, 6, 7)=with"outlet'
openings (8, 9, 10), the cage-like housings_-(S,.'G; _7)'
being designed such;that the porous pipes (2, 3L_4lcare

- arranged therein in such a way that the porous pipeS'(Z'l:'
'3, 4) essentlally cannot be struck by solder splashes_"”

produced durlng the operatlon of the wave solderlng:-h
1nstallatlon.' ' ' ' '
_2.' - Apparatus accordlng ‘to Cla1m 1, the cage llke

housings (5, 6, 7) having outlet openings (8, : 10)._'-' IR

which are directed only to the sides and/or downwards.

3. Apparatus accordlng to Claim 1 or 2 the porous-
_pipes (2, 3, 4) belng arranged decentrally 1n51de thelrj.
cage'like housings (5, 6, 7), in part1cular further from:'

- the respective outlet openlngs (8, 9, 10) than from those
.walls of the cage-like hous1ngs (S5, 6, 7) whlch 11e{

-opposite  the outlet openings. _ _
4. . Apparatus according to Claim 1 or 2, there'being;g

~in each case, between the outlet openlngs (8, 9, 10)-and ..

the porous plpes (2, 3, 4), an intermediate space (11,
12, 13) whlch is open at the bottom within the cage ~like
housings (5, 6, 7) and which permits solder splashes to
run off downwards. B | -

5. Apparatus according to one of claims 1. or-2;.all'

the walls of the cage-like housings'(5 6, 7) hav1ng an -
inclination with reéspect to the “horizontal, 'so; ‘that
solder splashes strlklng the walls on the inside’ can run
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off downWards; without'striking the porous pipes (2, 3,
4). | | | |

6. . Apparatus accordlng to one of claims 1 or 2, at
least a flrst porous’ pipe (2).berng arranged on an 1nlet

-side of the apparatus which lies parallel to the:solder h
wave (14), and a second porous pipe (3)dbeing'arrangedfon
‘an - opposite, outlet side, in each case in the upper

' region of the immersion box (1). '

7. - . Apparatus according -to Claim 6, in which, in'the

vcase of a wave solderlng 1nstallatlon having at least two .

arranged between each two  solder waves (14, 15).. and

parallel to these, the cage llke housing (7) of. the Saidh B
'plpe belng curved in a sem1c1rcular cross sectlon above _'
the further porous ‘pipe (4) and being led down at the

sides as far as below the further porous plpe (4),hand
having at least one outlet opening (10) only below. the

'further porous pipe (4). _

-8.. _Apparatus according to Clalm 7, the. further:
_porous pipe'(4) having a smaller cross section than the
-flrst (2) and second (3) porous plpes.

9. Apparatus accordlng to Claim 7, there belng a’ gap
(16) of 1 to 3 mm on the 1ns:Lde between the cage llke .'

:hous1ng (1) and the further porous pipe (4).
10. = Apparatus according to one of claims 1 or 2, the ‘= =

porous pipes (2, 3, 4) ‘having a mean pore 51ze of 0.3 to

2 pm, in partlcular 0.4 to 0.6 pao. _
'11. : Apparatus accordlng to one of clalms 1 or 2, in

- which at least one guide plate (17) is fastened to a -
‘cage-like “housing (6) in regions of turbulence in the_'-

solder bath and/or in reglons in which solder splashes

. are - to be expected to an increased extent.

.35

12. . Apparatus accordlng to Claim 11, there being at

ileast one outlet openlng (18) for nitrogen underneath the.
lgulde plate (17) . |
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13. | Apparatus accordlng to one of claims 1 or 2 all

' the outlet openings (8, 9, 10) being configured such ‘that

the most uniform nitrogen flow with low turbulence 1ss
produced

14, ‘Method of -operating- an apparatus accordlng tol_
Claim 6, the flow .of n1trogen through the second porousp-'

pipe (3)_ on the outlet side being - greater -than -thef

respectlve flow through ‘each of the remalnlng porous”f

plpes (2 4). .
15. Method of operatlng an apparatus accordlng to

Claim:1 the nltrogen belng supplied at a temperature far -

below the temperature of the solder bath (19), preferably
100 to 400 K below; in partlcular approx1mately at ‘an
amblent temperature of - about 20 C. '



