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1 Method and device for nechanically renmoving sol der beads on the surface
of printed circuit boards—The invention relates to a nethod and a delAa%e

for mechanically renoving sgldesnhergRepliket he surface of printed circuit

boards according to the prea ‘E‘ mmw 1 and 12, and to a col d-gas
o or the mechani cal renoval of
Eu cuit boards according to the

m xer for providing a strea

sol der beads on the surface lo¥

preanbl e of AMike2&. Wen printed circuit boards are fl ow€oP8ele7
so-cal l ed solgery ds are produced owi ng to various physical effects.
These sol der beads can lead to serious functional faults in electronic
equi pnent. In the past, such sol der beads were renoved by neans of a

washi ng processssit nerIwskein usmear bons  (HFG®) 19@wi ng to the

Method and device for mechanically removing solder beads
5 on the surface of printed circuit boards

The invention relates to a method and a device
for mechanically removing solder beads on the surface of
printed circuit boards according to the preamble of
claims 1 and 12, and to a cold-gas mixer for providing a

10 stream of cold gas for the mechanical removal of solder
beads on the surface of printed circuit boards according
to the preamble of claim 17. ’

When printed circuit boards are flow soldered,
so-called solder beads are produced owing to various

15 physical effects. These solder beads can lead to serious
functional faults in electronic equipment. In the past,
such solder beads were removed by means of a washing
process using hydrofluorocarbons (HFCs). Owing to the
fact that, for environmental reasons, the use of HFC.s is

20 no longer possible without massive restrictions, methods -
are used which are not harmful to the environment.

Attempts are therefore being made to prevent the
formation of solder beads from the outset by using
modified solder «resists with repellant properties.

25 Because the solder resist must at the same time adhere to
the printed circuit boards, however, the adhesion of
solder cannot be completely prevented in this way.

Therefore, in DE-A 44 16 788 it has already been
proposed to prevent the adhesion of solder beads on the

30 surface of printed circuit boards by means of an addi-
tional artificial cooling with a stream of gas. The
intention here is to generate a thermomechanical mismatch I.
between the solder mask and the solder by means of a
stream of gas which is at most at room'temperature, so

35 that solder beads cannot adhere at all.

In addition to these measures for avoiding the
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fact that, for environmental reasons, the use of HFC.s is no | onger
podssi bl e vmthout massi ve restrictions, nethods are used which are not

harnful to the envi ronrrﬁmfaheetmm@heﬂde t herefore being nade to prevent

the formation der R oyt set by using nodi sQl
resists with F‘g[p%?q mﬂg JH é%&swaat the

ause "t he sol der resr
sane ti ne adh¥BelB87t he

clrcult boards, however, the adhesi on of

sol der cannot be conpletely prevented in this way. Therefore in DE-A 44 16
788 it has al Adhapibsencpr ssdsiar t bepdeveon ttie agheface off s@irdmtddeads on

the surface OElﬁ}Eh@Eeﬁoﬁké'iE“'ErlPﬁ?ré@vﬁ’e %Skﬂéwﬁ‘ “cdd Plus

artificial cool Ing wt st ream of gas. e |ntent|o ere 1s tO generate

a ther rmrrechaﬁpcé'lemﬁl‘@rrﬁﬁ’@h spddfEebegds Seichanigadkyandownyesol d&r Uy neans
of a stream oholapddyitld Swath Mehl sAlmd LRIV FPeL-albl &utSOdamage to

5 surface mounted devices on the surface of the printed
circuit board and to components with connecting wires, or
to the printed circuit board in its entirety.

The invention is based on the object of providing
a method and a device for mechanically removing solder
10 beads on the surface of printed circuit boards, with
" which adhering solder beads can be removed without
damaging the printed circuit boards.
_ Based on the prior art mentioned in the preamble,
this object is achieved according to the invention by.the
15 features specified in c¢laims 1 and 12.
Developments of the invention are specified in
the subclaims.
In the method according to the invention, the
mechanical removal of the solder beads is carried out
20 during the destruction of the adhesion surfaces formed
between the solder resist and the solder; in this pro-
cess, the cooling of the surface of the printed circuit
boards and the mechanical removal of the solder beads by
means of a cold jet of gas occur simultaneously. By
25 forming a cold jet of gas, a high blowing pressure is
" formed on the surface of the printed c¢circuit board and
this removes the solder beads from the surface of the
printed circuit boards.
Particularly gocod mechanical removal of the
30 solder beads can be achieved with the method according to
the invention if the jet of gas is applied to the surface
of the printed circuit boards at a temperature of between
-20°C and -60°C and at a blowing angle < 45°, preferably
at a blowing angle of between 30°¢ and 40°, measured
35 between the printed circuit board and the outlet orifice
of the nozzle. The adjustment parameters and temperature
.parameters ensure almost complete removal of the solder
beads.
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ﬂhat sol der beads cannot adhere at all. In addition to these nmeasures for
avoi di ng the -2- adhesi on of solder beads on the surface of printed
circuit boards, brush tieyghesHasaeen Beplassth Whi ch can be used to renove the

sol der beads gechapj cal I}{ERTHIFEVH is not possible with this.geasure to
rul e out danma f'ggéurfig!' Enﬁq”ﬂt' c®s on the surface 6§'Pﬁelg§?nt ed
circuit boardMant9ss® co Wi connecting wres, or to the printed

circuit board in its entirety. The invention is based on the object of
provi di ng a nmet hod anBaatiewlarly goadkewhakingltesuldrvangbeocadeiebedds on

the surface Oiprh@tﬁgtcwﬁﬂgés*%E”éﬁhlﬂ@é*ko the solder beads after
they have solidified. Solidification here is understood

to mean cooling of the solder beads to a consistency

5 '~ which is no longer fluid. Mechanically removing the

solder beads after solidification avoids spraying caused

by the jet of cold gas impinging at a high blowing

ha—

pressure.

Preferably, a large number of jets of cold gas

10 are applied to at least one side of the surface of the

printed circuit board over the entire width, each of said

jets being produced by splitting it off from one stream

of cold gas. In this context, an appropriate.number of

jets of gas are applied to the surface of the printed

15 circuit boards over the entire width, preferably in the

feed direction of the printed circuit boards. As a result

of the jets of gas emerging from nozzles in the conveying

direction of the printed circuit boards it is possible to

dispense with moving the jets. Of course it is also

20 possible to arrange the jets laterally with respect to

the conveying path of the printed circuit boaxrds and to

move the jets perpendicularly with respect to the convey-

ing path of the printed circuit boards. By arranging a

plurality of rows of nozzles, arranged one behind the

25 cther, in the conveying direction of the printed circuit

' boards it is possible to form curtain-like rows of jets

of gas over the entire width of one side of the surface

of the printed circuit boards, which rows of jets can be

switched on and off depending on the coldness require-

30 ments for the thermomechanical mismatch and the mechan-
ical removal of the solder beads.

It is particularly advantageous if the stream of
cold gas produced to form the jets of gas is formed from
an inert gés, as a resuit of which the oxidation of the

35 soldered points is impeded and the surface tension of the
solder is increased. The inert gases used are nitrogen,
argon, carbon dioxide or gas mixtures thereof. The
temperature of the stream of cold gas is established by
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mhich_adhering sol der beads can be renoved w t hout damaging the printed
cisrcuit boards. Based on the prior art nentioned in the preanble, this
obj ect is achi eved accofmdishg: i1 Bt Refldddent i on by the features specified in

claims 1 and 12. Devel op AR 11 nvention are specif .
subclains. In @Pﬁel% hodﬂWHEMHHIBH‘t he4 invention, the n?knam C%@ rermval

of the sol der M@axks7s c

I ng the destruction of the adhesion

surfaces forned between the solder resist and the solder; in this pro-
cess, the coolily gdsddies qhafsecandf theelpgundephase cof tthwaads ath@ashe

mechani cal reMRUAluL LhE SOLAET nbRas B KEANSuBlrBofokd Neualy A ocour

si nmul t aneousl
formed on the
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ormn a col et-o gas [ ow ng pressure S
mmb@ gasems pgam@a SRECIiKtBEE aSaﬁerrled ocut such

that, prior to mixing, the mass of the liquid is lower
than that of the gas. The formation, according to the
invention, of a stream of cold gas by mixing the gaseous
phase and the liquid phases of the gas or gas mixture
used advantageously makes it possible, with 1little
outlay, to apply a jet of gas which is cooled to
temperatures between -20°C and -60°C to a limited area of
the surface of the printed circuit boards.

The shaping of the stream of gas into jets of gas
in Laval channels of the nozzles enables high exit speeds
from the nozzles to be achieved, by means of which a high
blowing pressure can be obtained on the surface of the
printed circuit boards at a low gas throughput rate.

Particularly good economic results can be
achieved with the method according to the invention if
the stream of cold gas is produced discontinuously as a
function of a signal which is formed in the soldering
plant as the printed circuit boards pass through. The
signal can be produced here for example when the printed
circuit boards enter the soldering plant; however, it can
also be formed at a different location in the soldering
plant ‘and can be used to start the jets of gas. In order
to obtain the preferred temperature range between -20°C
and -60°C, preferably -25°C to -45°C, at the surface of
the printed circuit boards, the temperature of the stream
of cold gas is set as a function of the initial travel of
the printed circuit board until it reaches the jets of
gas and/or the actual temperature of the stream of gas.
Here, the cooling is carried out in a plurality of phases
with different temperature values. The device for
mechanically removing solder beads is operated cold
according to one control cycle, and according to another
control cycle the temperature of the printed circuit
board and of the stream of gas is taken into account when
the gas jets are applied.
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this renoves the solder heads fromthe surface of the printed circuit

boards. Particularly good nechanical renoval of the sol der beads can
achi eved with t he net hdlds $hea BnscHerrReplace he i nvention if the jet of gas is

€ 0 en 30 and 40, neasured between

paraneters and tenperfit 8P¥Lifar ARECEAINGNSH 1A ISI2 cORPI A% HR8fY
sol der beads.prodl@ét jetbanlty caaed gy kimndahesdkis wagn 1 aedi a¥edct
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35

them onto the surface of the printed circuit boards. By
constructing the nozzle as a Laval nozzle, high blowing
pressures for the mechanical removal of the solder beads
can be produced.

By means of the features of claims 18, 19 and 20
it is possible to produce, with little outlay, a stream
of cold gas whose temperature can be easily matched to
the soldering conditions and the soldering plants.

An exemplary embodiment of the invention is
illustrated in the drawing and will be described in more
detail below. In this drawing:

Figure 1 shows a schematic side view of a detail
of a printed circuit board;

Figure 2 shows a schematic illustration of the
device for producing jets of cold gas;

Figure 3 shows a schematic, sectional illustra-
tion of the cold-gas mixer illustrated in Figure 2.

applied to t S ce QIERNIEREII cigcuit boards at a r e of
bet ween -20[2@?‘]%62% gmlwﬂ ﬁ]ﬂ ﬂ&te agbl owi ng angle < 4%?(@??],%%
preferably atM@& bPI%Wi ng ang

printed circuit board and the outlet orifice of the nozzle.

be

t he

The adj ust ment

of the

Figure 1 is a schematic illustration of a printed

circuit board 10 with components 11 with connecting wires
12, which wires 12 are processed in a soldering plant
{(not illustrated in more detail) according to a flow
soldering method described in DE-A 44 16 788. The printed
circuit boards 10 which are arranged on a transport frame
are conveyed by a transporting device in the direction of
transport 15 to a wetting device in which flux is applied
to the lower soldering surface of the printed circuit
board 10. '

After the transport frame with the printed
circuit board 10 to be soldered has moved away over the
wetting device, it passes into the region of a flow
soldering device. Here, the transport device is aligned
with respect to the solder flow in such a way that the
printed ¢ircuit board 10 to be soldered passes through
the solder flow, causing soldering takes place. During
the soldering, the flow behavior of the solder flow is
impeded by the components and the connecting wires 12.
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I f, pﬁe.jet of gas is applied to the solder beads after they have
solidified. Solidificattomhere s understood to nean cooling of the sol der

Soi dor beads after sol i HijsekB e R aRas" | LS MOENat O Y e Tor of cold
gas i npi ngi ng B¥ ¥ gh +_f i %ﬂ% re.6Preferably, a |ar®fe- ®um}7 of
jets of cold gas 57 appl st one side of the surface of the
printed circuit board over the entire width, each of said jets being
produced by spinidilgads bf theomoldersidepatatingolatiddEorlimg i stiront ext,
an, aneropr at e Dulbet, 96 Skl sgoea oy ppRed bl S Ul gl e
direction of tlieegs ioicll d svilderoaoliamedsare rethelstiveflyt fiéxpdt en dfheyas
ener gi ng fromggf&éxesrggitsge 1%0né/§y.5zﬂg printed circuit boards 10 as
5 solder beads 14. In the transport direction 15 of the
printed circuit board 10, a cold-gas jet device 16 is
provided downstream of the soldering device for mechani-
cally removing the solder beads 14. The cold-gas jet
device 16 illustrated only schematically in Figures 2 and
10 3 comprises essentially a cold-gas mixer 17 which is
connected on the inlet side via two lines 23, 24 to a
cold-insulated vessel 21 for supercooled liquefied gases
or gas mixtures. Arranged in the line 23 is an air
evaporator 22 in which the supercooled ligquefied .gas
15 conveyed from the vessel 21 to the cold-gas mixer 17 is
evaporated.” An adjustment means 25, 26, for example
metering valves, which can be actuated by means of con-
trol lines 18, 19, is arranged between the air evaporator
22 and the cold-gas mixer in the line 23 and in the line
20 24. The gases present in line 23 downstream of the air
evaporator and the amounts of liquefied gas conveyed from
the vessel 21 in line 24 can be controlled or regulated
by means of the metering valves. In this process, differ-
ing amounts of gas and liquefied gas can be fed to the
25 cold-gas mixer 17. By adjusting the mixing ratio of gas
" to liquefied gas, a stream of gas of any desired coldness
can be produced in the cold-gas mixer 17.

Of course, the amounts of gas and liquefied gas

can also be adjusted by means of bypass lines which can
30 be switched on or off and which have different throughput
volumes and so on.

On the output side, the cold-gas mixer 17 is
connected to distributor elements 28 via an adjustment
means 27, for example a solenoid valve, which is arranged

35 in line 29 and can be actuated by means of control line
20. The distributor element 28, for example a distributor
pipe, extends over the entire width 51 of the printed
circuit board 10 and is constructed as a carrier fo
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direction of the printed circuit beards it is possible to dispense with
noving the jets. O course it is als ossible to arrange the jets
laterally with respectTh:sSltcﬁéIa MG path of the printed circuit boards

and to nove t j.eLs periiE ith respect to the convey- .ing path
of the prlnteggk 68t bidg | ngimg a plurality of 4 ﬁmﬁg %bzzles,
arranged one Mshilgd7t he other, in the conveying direction of the printed
circuit boards it is possible to formcurtain-like rows of jets of gas over
the entire w dolzzdkesolad,sB2e 39 vilhiccls arfeaeachf stbpl ped ntierth dilree wildsoar ds,

whi ch rows of j.et b ed.o n g ess
require- nent g?%or%tg’%gmt ﬁrra)ﬁn%kn%ghgﬁl ca gogémqgﬁ%qgé‘{hgg%et}%%n%l%
renoval of thdigeisdd2,b83ds34}tThe pazzleal‘amy3la.d\/3a&1taa@ema'cfmdt@dstream

of cold gas prducedit Aol 218k Lo ihwe 9avaaS chinhi 8Bk IfMreshaping
5 the stream of cold gas into a jet of cold gas. The
distributor element 28 has means 36 for adjusting the
angular position 37 between the printed circuit board 10

and the nozzles 30, 31, 39. The means 36, for example a
hinge, can of course also be assigned to the nozzles 30,

10 31, 39. With this design, the angular position 37 of each
nozzle 30, 31, 39 can be set individually. A plurality of
these distributor elements 28 can be arranged parallel to

one another in the transport direction. Temperature
sensors 38; 40 are assigned to the distributor element

15 and/or the cold-gas mixer 17 and can be used to determine
the actual temperature and can be made available to a
controller as control signal. With the controller 41

which can be memory-programmable for example, the adjust-
ment means 25, 26, 27 are switched in accordance with the

20 operating state of the soldering plant in such a way that
a discontinuous mode of operation is possible. This is an
advantageous way of wminimizing the gas consumption
because of the often very irregular throughput of printed
circuit boards 10. The discontinuous control is produced

25 as a function of a signal which is formed in the solder-
' ing plant as the printed circuit boards 10 pass through.
The signal is advantageously formed in the soldering
plant as the printed circuit boards 10 enter, so that the
temperature, set in the cold-gas mixer, of the stream of

30 cold gas is set as a function of the initial travel of
the printed circuit board 10 until it reaches the jets of

gas emerging from the nozzles 30, 31, 39 and the actual
tem@erature of the stream of gas determined with the
sensors 38, 40. The cold-gas jet device 16 is operated

35 with two control variants with different set-point
temperature values. In the first mode of operation, the
cold-gas jet device 16 is operated cold from the warm
state at about 20°C into the actual operating state. At
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an inert gas, as a result of which the oxidation of the soldered points is
i npeded and the surface tension of the solder is increased. The inert gases
used are nitrogen, argdrhis_Sbﬁ?IbQBeedRaﬂﬁccﬂe or gas m xtures thereof. The

t enperature of trealtg I R dEH | s established by 4 the gaseous
phase and the Eiwlicr]iﬁsl phaHH| Iﬂlﬂv@lﬂﬁmor Yas mixture used. FhelHixIhg of
t he supercool & 119%% d ¢ an € gaseous gas or gas mxture is carried

out such that, prior to mxing, the nass of the liquid is |ower than that
of the gas. Tleteopeaatome accdP e t-B AR itheedevboe DE bs sdpexsanerf col d

gas by mixingddig 99senus PRase adrddie ldeuids PRESSS Of G Has Qlrdas
mxture between -60°C and -70°C is detected by means of the
sensors 40 and/or 38. Then, a stream of gas with a
5 temperature between -20°C and -60°C, preferably between -
25°C to -30°C and -35°C to -40°C is set in order to form
the jets of gas emerging from the nozzles 30, 31, 39.°
The cold-gas mixer 17 is illustrated schemati-
cally in section in Figure 3. The cold-gas mixer 17
10 comprises essentially a mixing chamber 42 which is
" connected via gas inlet 43 to line 23 and via liquefied
gas conduit 44 to line 24. The liquefied gas conduit 44
has an outlet nozzle 45 with a round outlet passage 46,
upstream of which an atomizing element 47 is arranged.
15 The atomizing element 47 is constructed as a deflector
.and is arranged at a distance in front of the outlet
passage 46. The deflector 47 extends at an angle of -
incidence 52 > 90° with respect to the outlet passage 46.
In the mixing chamber 42, supercooled liquefied gas, wia
20 liquefied gas conduit 44, and gas, via gas inlet 43, are
mixed in such a way that upstream of the cold-gas outlet
48 the mass of fluid is less than that of the gas. To
this end, the ligquefied gas passes through the round
outlet passage 46 to the atomizing element 47, by which
25 it is fed into the mixing gas chamber in an extremely
" fine spray and evapbrated there. As a result, the gas fed
via the gas inlet is cooled and conducted via the cold-
gas outlet to the distributor element 28.
Trials have shown that a jet 50 of gas which is
30 formed at a temperature between -20°C and -60°C in the
Laval channels 35 from an inert gas or an inert gas
mixture and which strikes the no longer liquid solder
bead 14 at a blowing angle'49 of < 45°, preferably at a
blowing angle between 30° and 40°, produces a mismatch 53
35 between the solder resist 13 and solder bead 14 while
simultaneously mechanically removing the solder beads 14.
By means of the invention, the solder beads 14 are
mechanically removed by the jets 50 of gas during the

—h
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uéed.advantageously makes it possible, with little outlay, to apply a jet
of- gas which is cooled to tenperatures between -20[err]C and -60[err]C to a
limted area of the surface of the printed circuit boards. The shapi ng of
the streamof gas into jets of gas in Laval channels of the nozzl es enabl es
hi gh exit speé%% ¥¢Hn t he nozzles to be &hieved, by means 4F-Wild?7a hi gh
bl owi ng presswi® ©gg7 be obtai ned on the surface of the printed circuit
boards at a | ow gas throughput rate. Particularly good econonmi c results can
be achi eved witdlddmse einmshaden.ding to the invention if the stream of
cold _gas is produced djiscqntijnu I f i A L gnal i IS
formed in the sol deri epﬁc%aﬁtagaggﬁh%p%??r%]élgpger ggpgggga&c’is pas%mt rough.
The signal cambahs phinkedheirctdt koards dywmeanshef pai fiethey fd@t- boar ds

enter the sol defd ng, plAN s MRSV ehss! EnfBlgh the solder flow. In this

5 way, the formation of small solder nodules can be reduced
and the reliability of the method described above can be
increased further.
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also be fornmed at a different location in the soldering plant and can be
used to start the jets of gas. In order to obtain the preferred tenperature

range between -20[erhlﬁ;gggf;gngLLLC,_preferably -250C to -45[err]C, at

t he surface oEM he7gr Circuit boardsg the.tenperature 2, gisha otz eam of

cold gas is s?&; 3} ? fuf}%tg'h&mﬁffsemmphcﬁ‘}tial travel of the printed circuit

board until it™r 8 es T e | and/ or the actual tenperature of the
E‘aml“‘ xried out in a plurality of phases

stream of gas , the\
with differenFng#%eratur e device for nechanically renoving

sol der beads is operated cold according to one control cycle, and accordi ng
to another cogtrol cygl qebipd eReRAIER 001142 RAL0IEE 1AL Hadad and
of the streamof gas Is taken into account n the gas jets are applied.

on the surface of printed circuit boards directly after

they pass through the solder flow during flow soldering

5 of printed circuit boards in a soldering plant, wherein

the solder beads (14} are mechanically removed by means

of at least one jet (50) of cold gas directed onto the

surface.

2. The method as claimed in c¢laim 1, yherein the jet

10 (50} of gas is applied to the surface at a temperature of
between -20°C and -60°C.

3. The method as claimed in claim 1 or 2, wherein
the jet (50) of gas is applied to the surface after .the
solder beads (14) have solidified.

15 4. The method as claimed in one of claims 1 to 3,
wherein the jet (50) of gas is applied to the surface at
a blowing angle (49) which is less than 45°, preferably
at a blowing angle of between 30° and 40°.

5. The method as claimed in one of claims 1 to 4;

20 wherein a plurality of jets (50) of cold gas are applied
to at least one side of the surface over the entire width
{51} of the printed circuit board (10), each of which
jets (50) of cold gaé is produced by splitting it off

- from one stream of cold gas.

25 6. The method as claimed in one of claims 1 to 5,
wherein the stream of cold gas is formed from an inert
gas, in particular nitrogen, argon, carbon dioxide or gas
mixtures thereof.

7. The method as claimed in one of claims 1 to &,

30 wherein the stream of cold gas is formed from the gaseous
phase and the liquid phase of the gas or gas mixture
used.

8. The method as claimed in one of claims 1 to 7,
wherein the jets (50) of cold gas are formed in nozzles

35 (30, 31, 39) and are directed against the surface with a
high blowing pressure.

9. The method as claimed in one of claims 1 to 8,
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A device accordi ng to ahldisheetlRs BeanRéplacadsed to produce jets of cold gas in

an easy way and to direc { e surface of the printed circuit
o a Laval nozzle, high bl ow ng
(b &= 0

beards. By constructing
f e sol der beads c b ﬁgyced.
E af%l@ﬁ?% pr

pressures for hanl _

By nmeans of the features of clainms 18, 197and 20 it is possi oduce,
with little oMFay89a stream of cold gas whose tenperature can be easily
mat ched to the soldering conditions and the sol dering plants. An exenplary
enbodi ment of Whereindms detiss (PP} et rea@nen fommedr am hgvahdchannelse

described in npi® At dide BRIDYVed N3N 31dravhng: Figure 1 shows a schematic
side view of a detail . .
10. The method as claimed in one of claims 1 to 9,
wherein the stream of cold gas is produced discon-
5 tinuously as a function of the signal which is formed in
the soldering plant as the printed circuit boards (10)
pass through. _
11. The method as claimed in one of c¢laims 1 to 10,
wherein the temperature of the stream of cold gas is set
10 as a function of the initial travel of the printed
circuit board (10) until it reaches the jets (50) of gas
and/or as a function of the actual temperature (38, 40)
of the stream of gas. ' :
12. A device for mechanically removing solder beads
15 on the surface of printed circuit boards directly after
they pass through the solder flow during flow soldering
of printed circuit boards in a soldering plant, which
comprises a cold-gas mixer (17) which is connected on the
iniet side via two lines (23, 24) to at least one vessel
20 (21) for supercooled liquefied gases or gas mixtures and
on the outlet side to at least one nozzle (30, 31, 39)
which is directed onto the surface of the printed circuit
boards (10).
13. The device as claimed in c¢laim 12, wherein the
25 nozzle {30, 31, 39) is constructed as a Laval nozzle.
14. The device as claimed in claim 12 or 13, wherein
an evaporator (22) is arranged in one line (23).
15. The device as claimed in one of claims 12 to 15,
wherein adjustment means (25, 26) which can be actuated
30 are arranged in the lines (23, 24).
16. The device as claimed in one of claims 12 to 15,
wherein a distributor element (28) with adjustment means
(27) connected upstream of it is arranged between the
nozzles (30, 31, 39) and the cold-gas mixer (17), the
35 said distributor element (28) being constructed as a
nozzle carrier.
17. The device as claimed in one of claims 12 to 16,
wherein means (36) are provided for adjusting the angular
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of. a printed circuit board; Figure 2 shows a schematic illustration of the
device for producing jets of cold gas; Figure 3 shows a schematic,

sectional illustra- tion of the cold-gas mxer illustrated in Figure 2.
Figure 1 is a schematic illustration of a printed circuit board 10 with
conponents 11 Mt} nnecting wires 12° #hich wires 12 are $f oR2sk®W in a
sol dering pl are (1ed7illustrated in nore detail) according to a fl ow

sol dering nethod described in DE-A 44 16 788. The printed circuit boards 10
whi ch are arr amgeit on a{37ansHothe f dbser Her S ebamwshy (28 )t rand s tohg

s appl 1 6d o T TOREr=Col s 1y ST HE5 P FERE hr LRt GHeCPREARFSboar d 10.
After the trarsport frze dévive s priaimdl in one of claims 1 to 17,
wherein the c¢old-gas mixer (17) comprises a mixing
5 chamber (42) with a gas inlet (43) and a cold-gas outlet
(48) and a liquified gas conduit (44) which leads into
the mixing chamber (42) and has an outlet nozzle (45}
with an outlet passage (46) to which an atomizing element
(47) is assigned.
10 19. The device as claimed in claim 18, wherein the
outlet passage (46) is round and the atomizing element
(47} is constructed as a deflector and is arranged at a
distance in front of the outlet passége (46} .
20. The device as claimed in claim 18 oxr 19, wherein
15 the deflector extends at an angle of incidence (52) which
is greater than 90° with respect to the outlet passage
(46) .
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ci,rcuit board 10 to be sol dered has noved away over the wetting device, it
passes into the region of a flow soldering device. Here, the transport
device is aligned with respect to the solder flowin such a way that the
printed circuit board 10 to be sol dered passes through the é}%gr %éme
causi ng sol der¥igt&%kes place. During the sol dering, the fI% ek br  of
the sol der fl qugisogmpeded by the conponents and the connecting wires 12.
This |l eads to the solder separating and formng a tin/ |ead m xed oxide
surface in the soldering atnosphere. Bogtaragti di zed sol der vol unes are
adhesively fixed on the solder resist 13 of the printed circuit boards 10

as sol der beads 14. In the transport direction 15 of the
Method for mechanically removing solder beads

on the surface of printed circuit boards

The invention relates to a method for mechanical-

5 ly removing solder beads (14) from the surface of printed

circuit boards (10) directly after they pass through the

solder flow during flow soldering of printed circuit

boards in a soldering plant. In order to ensure that the

solder beads are mechanically removed without damaging

10 the printed circuit boards, the solder beads 14 are

mechanically removed by means of at least one jet (50) -of
cold gas directed onto the surface (Figure 1).
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printed circuit board 10, a cold-gas jet device 16 is provided downstream
of- the sol dering device for mechani- cally renoving the sol der beads 14.
The col d-gas jet device 16 illustrated only schematically in Figures 2 and
3 conprises essentially a cold-gas mxer 17 which is connected on the inlet
side via two lines 23, 24 to a cold-insul ated vessel 21 for supercool ed

| i quefi ed gases or gas m xtures. Arrangeﬁ Eg the line 23 is an air
evaporator 22 in which the supercool ed Iié fied gas conveyed fromthe
vessel 21 to the cold-gas m xer 17 is evaporated. An adjustnent neans 25,
26, for exanple netering val ves, which can be actuated by neans of con-

trol lines 18, 19, is arranged between the air evaporator 22 and the
cold-gas mxer inthe line 23 and in the line 24. The gases present in |line
23 downstream of theggir evaporator and the anmounts of |iquefied gas
conveyed from

11

Figurel

N
—



the vessel 21 in line 24 can be controlled or regul ated by means of the
metering valves. In this process, differ- ing anmounts of gas and |iquefied
gas can be fed to the cold-gas mxer 17. By adjusting the mxing ratio of
gas to liquefied gas, a streamof gas of any desired col dness can be
produced in the cold-gas mxer 17. O course, the anounts of gas and

| i quefi ed gas can al so be adjusted by n93273ff bypass |ines which can be
switched on or off and which have differ hr oughput vol unmes and so on.
On the output side, the cold-gas mxer 17 is connected to distributor

el ements 28 via angddj ustnent neans 27, for exanple a sol enoid valve, which
Is arranged in_|i 29 and can be actuated by neans of control |line 20. The
di stributor el nt {28, for exanple a distributor pipe, extends over the
entire width 51/of Ahe printed

......................................

15

22

Figure2




cirrcuit board 10 and is constructed as a carrier for the REPLACENMENT
SHEET nozzles 31, 32, 39 which are each supplied with the cold- gas stream
produced in the cold-gas m xer, via branching lines 32, 33, 34. The nozzl es
30, 31, 39 are constructed as Laval nozzles and have Laval channels 35 for
reshaping the streamof cold gas into a jet of cold gas. The distributor

el enrent 28 has neans 36 for adjusting th3$€39ular position 37 between the
printed circuit board 10 and the nozzles 2 31, 39. The nmeans 36, for
exanpl e a hinge, can of course also be assigned to the nozzles 30, 31, 39.
Wth-this design, the angular position 37 of each nozzle 30, 31, 39 can be
set individually., A plurality of
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- A40) 382 -4
these-distributor elenents 28 can be arranged parallel to one another in
the, transport direction. Tenperature sensors 38, 40 are assigned to the
di’stributor €lenment and/or the cold-gas m xer 17 af % mhe—used.1Q
deternine the actual tenperature and can be made %§6¢@%ﬁbi@, pntirol | er

as control signal. Wth the controller 41 which can -y-p&gqr mrabl e
for exanple, the adjust- ment neans 25, 26, 27 ar sw ghﬁg ,o dance
with the operating state of the soldering plant i uch a mgy

di sconti nuous node of operation is possible. Thisj{is an aUVQuLuﬂnau' way of

m nim zing the gas consunption because of the often very irregul ar
t hroughput of printed circuit boards 10. The di sconti nuou
produced as a function of a signal which is forned in the solder- ing plant
as .the print Méthiodcand Bewide f0rpmechanically fdwsingnablderatieadsageously

formed in the,shdehl¢ace of printed circuit boards

The invention relates to a method and a device
for mechanically removing solder beads on the surface of
printed circuit boards according to the preamble of
claims 1 and 12, and to a cold-gas mixer for providing a
stream of cold gas for the mechanical removal of solder
beads on the surface of printed circuit boards according
to the preamble of claim 17. '

When printed circuit boards are f£low soldered,
so-called solder beads are produced owing to various
physical effects. These solder beads can lead to serious
functional faults in electronic equipment. In the past,
such solder beads were removed by means of a washing
process using hydroflucorocarbons (HFCs). Owing to the
fact that, for environmental reasons, the use of HFC.s is
no longer possible without massive restrictions, methods -
are used which are not harmful to the environment.

Attempts are therefore being made to prevent the
formation of solder beads from the outset by using
modified solder resists with repellant properties.
Because the solder resist must at the same time adhere to
the printed circuit boards, however, the adhesion of
solder cannot be completely prevented in this way.

Therefore, in DE-A 44 16 788 it has élréady been
.proposed to prevent the adhesion of solder beads on the
surface of printed circuit boards by means of an addi-
tional artificial cooling with a stream of gas. The
intention here is to generate a thermomechénical mismatch
between the solder mask and the solder by means of a
stream of gas which is at most at room temperature, so
that solder beads cannot adhere at all.

In addition to these measures for avoiding the



pI ant as the printed circuit boards 10 enter, so th

in the cold-gas mixer, of the streamof cold gas i$ EaﬂﬁﬁﬁmﬁNTQQﬁETo

the initial travel of the printed circuit board 10

jets of gas energing fromthe nozzles 30, 31, 39 a1d ﬁgﬁum efrp'rature
of the stream of gas determned wth thezsensors 3B gas j et

device 16 is operated with two control variants w
tenperature values. In the first m)de of operationL

t he coI d- gas Jet

operating ot arsigion °OE WUy SEAS Yo TBBH. ST 30 By t:he

btuoys )

deV|Ce 16 i s cPercari&dboards, brush devices are known which can be used

to remove the solder beads mechanically. However, it is
not possible with this measure to rule out damage to
surface mounted devices on the surface of the printed
circuit board and to components with connecting wires, or
to the printed circuit board in its entirety.

The invention is based on the object of providing
a method éﬁd a device for mechanically removing sclder
beads on the surface of printed circuit boards, wich
which adhering solder beads can be removed without
damaging the printed circuit boards.

Based on the prior art mentioned in the preamble,
this object is achieved according to the invention by .the
features specified in claims 1 and 12.

Developments of the invention are specified in
the subclaims.

In the method according toc the invention, the
mechanical removal of the solder beads is carried out
during the destruction of the adhesion surfaces formed
between the solder resist and the solder; in this pro-
cess, the coocling of the surface of the printed circuit
boards and the mechanical removal of the solder beads by
means of a cold jet of gas occur simultaneously. By
forming a cold jet of gas, a high blowing pressure is
formed on the surface of the printed circuit board and
this removes the solder beads from the surface of the
printed circuit boards.

Particularly good mechanical remcval of the
solder beads can be achieved with the method according to
the invention if the jet of gas is applied to the surface
of the printed circuit boards at a temperature of between
-20°C and -60°C and at a blowing angle < 45°, prefefably
at a blowing angle of between 30° and 40°, measured
between the printed circuit board and the outlet orifice
of the nozzle. The adjustment parameters and temperature
parameters ensure almost complete removal of the solder

beads.



céld with a cold streamof gas until a tenperature bet 7 r g)
-70[err]Cis detected by neans of the sensors 40 and/ o\rpﬁ@'g’p‘c%ﬁ% éﬁ%@r
of-gas with a tenperature between -20[err]C and -60[e rgc, preferably

D

am

between - 25[err]C to -30[err]C and -35[err]C to -40[ern] @ 2 SRR Drder
to formthe jets of gas enmerging fromthe nozzles 30,31, 39. The cold-pas
m xer 17 is illustrated schemati- cally in-section injiFigure 3. The
col d-gas m xer 17 conprises essentially a mxing chamber 42 which is
connected via gas inlet 43 to line 23 and via |liquefied gas conduit 44 to
line 24. The liquefi edPga:sz@dr&hLyt gddd hasckdimgounebel tsiozast dedBehieed round

out | et passage; 46epUpSLEeRR Bswigcanegléaoewg?esb@asntbézczgsamanged

The aton12|ng e enent onstructe as a de ctor and is arranged at a
di stance in fr§h§YoBaYﬁeS@h%ﬁkﬁlﬁﬁﬁﬁﬁﬁﬁédéélc?ﬁéOEeFPéét6? ydex e at an

angl e of to mean cooling of the soclder beads to a consistency
which is no longer £luid. Mechanically removing the
solder beads afrer solidification avoids spraying caused
by the jet of cold gas impinging at a high blowing
pressure. .

Preferably, a large number of jets of cold gas
are applied to at least one side of the surface of the
printed circuit board over the entire width, each of said
jets being produced by splitting it off from one stream
of cold gas. In this context, an ;ppropriate number of
jets of gas are applied to the surface of the printed
circuit boards over the entire width, preferably in the
feed direction of the printed circuit boards. As a result
of the jets of gas emerging from nozzles in the conveying
direction of the printed circuit boards it is possible to
dispense with moving the jets. Of course it is also
possible to-arrange the jets laterally with respect to
the conveying path of the printed circuit boards and to
move the jets perpendicularly with respect to the convey-
ing path of the printed circuit boards. By arranging a
plurality of rows of nozzles, arranged one behind the
other, in the conveying direction of the printed circuit
boards it is possible to form curtain-like rows of jets
of gas over the entire width of one side of the surface
of the printed circuit boards, which rows o§ jets can be
switched on and off depending on the coldness require-
ments for the thermomechanical mismatch and the mechan-
-ical removal of the solder beads.

It is particularly advantageous if the stream of
cold gas produced to form the jets of gas is formed from
an inert gas, as a result of which the oxidation of the
soldered points is impeded and the surface tension of the
solder is increased. The inert gases used are nitrogen,
argon, carbon dioxide or gas mixtures thereof. The
temperature of the stream of cold gas is established by




iﬁc}dence 52 > 90[err] wth respect to the outl et pgf =t 1 Xi ng
chanber 42, supercooled liquefied gas, via |liquefie g@gf%%HHHVESﬂ&E? nd

gas, via gas inlet 43, are mixed in such a way that lup treaHIU| t-he
col d-gas outlet 48 the nass of fluid is less than that pthqgg@g?

end, the liquefied gas passes through the round OUt|Et”£EE§§§¥;EHﬁNJ) ihe
atom zing el ement 47, by which it is fed4mto the mjxi niiimJn an

}o this

extrenely fine spray and evaporated there. As a resylt, the gas fed via the
gas inlet is cooled and conducted via the cold- gas outlet Tt ) _
di stributor el shengaggoudphase hadethhommqmrduphaQeeBESGhefgQQSoﬁW§a§1 is

formed at a tegpREalul 8588t WeRE aZRigL' ? 2hd s8LeLddfad nlt%lghé_glm kes the

charinel s 35 fron1an I nert gas or an | gas mxture an
no | onger |iquPBdsbPcP2688YS 1930198 ﬁﬁémﬂhgt%ﬁﬁl%5493%ﬁ’a§<QHQH$th

preferably at @hat, prior to mixing, the mass of the liquid is lower
than that of the gas. The formation, according to the
invention, of a stream of cold gas by mixing the gaseous
phase and the liquid phases of the gas or gas mixture
used advantagecusly makes it possible, with little
outlay, to apply a jet of gas which is cooled to
temperatures between -20°C and -60°C to a limited area of
the surface of the printed circuit boards.

The shaping of the stream of gas into jets of gas
in Laval channels of the nozzles enables high exit speeds
from the nozzles to be achieved, by means of which a high
blowing pressure can be obtained on the surface of the
printed circuit boards at a low gas throughput rate.

Particularly good economic results can be
achieved with the method according to the invention if
the stream of cold gas is produced discdntinuously as a
function of a signal which is formed in the soldering
plant as the printed circuit boards pass through. The
signal can be produced here for example when the printed
circuit boards enter the soldering plant; however, it can
also be formed at a different location in the soldering
-plant and can be used to start the jets of gas. In order
to obtain the preferred temperature range between -20°C
and -60°C, preferably -25°C to -45°C, at the surface of
the printed circuit boards, the temperature of the stream
of cold gas is set as a function of the initial travel of
the printed circuit board until it reaches the jets of

'gas and/or the actual temperature of the stream of gas.
.Here, the cooling is carried out in a plurality of phases
with different temperature values. The device for
mechanically removing solder beads is operated cold
according to one control cycle, and according to another
control cycle the temperature of the printed circuit
board and of the stream of gas is taken into account when
the gas jets are applied.



bioMAng angl e between 30[err] and 40[err], produces a msnatch 53 betmeen
the solder resist 13 and sol der bead 14 mhlle si mul t aneg Teeg

contraction.

printed circuit boards by neans of a furt

er flat- jegt nozzle as the

1 rel edasq
I nert gas can optionally be ﬁpplled to tihel bpGt @hiGofdgy h
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t hrough the solder flow In this way, the formation df small solder

can be reduced and the reliability of . the nmethod de ir|bed
i ncreased further. Gevide act Qa‘m VA

ording to ¢
produce jets of cold gas in an easy way and to direct
them onto the surface of the printed circuit boards. By
constructing the nozzle as a Laval nozzle, high blowing
pressures for the mechanical removal of the solder beads
can be produced. :

By means of the features of claims 18, 19 and 20

t is possible to produce, with little outlay, a stream
of cold gas whose temperature can be easily matched to
the soldering coaditions and the soldering plaats.

An exemplary embodiment of the invention is
illustrated in the drawing and will be described in more
detail below. In this drawing:

Figure 1 shows a schematic side view of a detail
of a printed circuit board;

Figure 2 shows a schematic illustration of the
device for producing jets of cold gas;

Figure 3 shows a schematic, sectional illustra-
tion of the cold-gas mixer illustrated in Figure 2.

Figure 1 is a schematic illustration of a printed
circuit board 10 with components 11 with connecting wires
12, which wires 12 are processed in a soldering plant
{not illustrated in more detail) according to a £flow
soldering method described in DE-A 44 16 788. The printed
circuit boards 10 which are arranged on a transport frame
are conveyed by a transporting device in the direction of
transport 1S to a wetting device in which flux is applied
to the lower  soldering surface of the printed circuit

board 10.

After the transport frame with the printed

_circuit board 10 to be soldered has moved away over the
'wett:ing device, it passes into the region of a flow

soldering device. Here, the transport device is aligned

‘with respect to the solder flow in such a way that the

printed circuit board 10 to be soldered passes through
the solder flow, causing soldering takes place. During
the soldering, the flow behavior of the solder flow is
impeded by the components and the connecting wires 12.

r

above.can be
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gass



-710 - dains 1. A nethod for nechanically éds on

the surface of printed circuit boards directly a tﬁgfﬁgg¥mpa§$mi“rough t he

sol-der flow during flow soldering of printed cir@uijt boa&ﬂg sol deri ng
by

pl ant, wherein the solder beads (14) are mechani allyi?e means of
at least one jet (50) of cold gas directed onto {hé-surtface...2 i The
met hod as clainmed in claim1, wherein the’jet (50) of gas is applipd to the
surface at a tenperature of between -20[err]C an 60Eerft-nnnd - The

method as clained in claim1 or 2, wherein the jet (50) of gas is applled
to the surface BHSerlaass to the solder separating and forming a tin/

lead mixed oxide suxface in the soldering atmosphere.
These oxidized solder volumes are acdhesively fixed on the
solder resist 13 of the printed circuit boaxds 10 as
solder beads 14. In the transport direction 15 of the
printed circuit board 10, a cold-gas jet device 16 is
provided downstream of the soldering device for mechani-
cally removing the solder beads 14. The cold-gas jet
device 16 illustrated only schematically in Figures 2 and
3 comprises essentially a cold-gas mixer 17 which is
connected on the inlet side wvia two lines 23, 24 to a
cold-insulated vessel 21 for supercooled liquefied gases
or gas mixtures. Arranged in the line 23 is an air
evaporator 22 in which the supercooled liquefied .gas
conveyed from the vessel 21 to the cold-gas mixer 17 is
evaporated.” An adjustment means 25, 26, for example
metering valves, which can be actuated by means of con-
trol lines 18, 19, is arranged between the air evaporator
22 and the cold-gas mixer in the line 23 and in the line
24. The gases present in line 23 downstream of the air
evaporator and the amounts of liquefied gas conveyed from
the vessel 21 in line 24 can be controlled or regulated
by means of the metering valves. In this process, differ-
ing amounts of gas and liquefied gas can be fed to the
cold-gas mixer 17. By adjusting the mixing ratioc of gas
to liquefied gas, a stream of gas of any desired coldness
'can be produced in the cold-gas mixer 17.

Of course, the amounts of gas and liquefied gas
can also be adjusted by means of bypass lines which can
be switched on or off and which have different throughput

. volumes and so on.

On the output side, the cold-gas mixer 17 is
connected to distributor elements 28 via an adjustment
means 27, for example a solenoid valve, which is arranged
in line 29 and can be actuated by means of control line
20. The distributor element 28, for example a distributor
pipe, extends over the entire width 51 of the printed
circuit board 10 and is constructed as a carrier for the



sol der beads (14) have solidified. 4. The met hog
claims 1 to 3, wherein the jet (50) of gas is applied
bl-owi ng angle (49) which is less than 45[err], prefer
angl e of between 30[err] and 40[err]. 5. The net
of clainms 1 to 4, wherein a plurality of jets (50) of
to at | east one side of the surface over the entire \
printed circuit board (10), each of which jets (50) q
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' The signal is advantageously formed in the

as Laval nozzles and have Laval channels 35 for reshaping
the stream of cold gas into a jet of cold gas. The
distributor element 28 has means 36 for adjusting the
angular position 37 between the printed circuit board 10
and the nozzles 30, 31, 39. The means 36, for example a
hinge, can of course also be assigned to the nozzles 30,
31, 39. With this design, the angular position 37 of each
nozzle 30, 31, 39 can be set individually. A plurality of
these distributor elements 28 can be arranged parallel to
one another in the transport direction. Temperature
sensors 38, 40 are assigned to the distributor element
and/or the cold-gas mixer 17 and can be used to determine
the actual temperature and can be made available to a
controller as control signal. With the controller 41
which can be memory-programmable for example, the adjust-
ment means 25, 26, 27 are switched in accordance with the
operating state of the soldering plant in such a way that
a discontinuous mode of operation is possible. This is an
advantageous way of minimizing the gas consumption
because of the often very irregular throughput of printed
circuit boards 10. The discontinucus control is produced
as a function of a signal which is formed in the solder-
ing plant as the printed circuit boards 10 pass through.
soldering
plant as the printed circuit boards 10 enter, sc that the
temperature, set in the cold-gas mixer, of the stream of
cold gas is set as a function of the initial travel of

the printed circuit board 10 until it reaches the jets of

gas emerging from the nozzles 30, 31, 39 and the actual
temperature of the stream of gas determined with the
sensors 38, 40. The cold-gas jet device 1§ is operated
with two control variants with different set-point
temperature values. In the first mode of operation, the
cold-gas jet device 16 is operated cold from the warm
state at about 20°C into the actual operating state. At



wherein the streamof cold gas is forned fromthe ga)
| i quid phase of the gas or gas m xture used. a. ;
in one of claims 1 to 7, wherein the jets (50) of cqgld gas are f
nozzles (30, 31, 39) and are directed agai nst the syrflack>witR agpi
bl owi ng pressure. 9. The method as claimed in ¢ ..clai
wherein the jets (50) of gas are forned fn-Laval channel s (35)
nozzles (30, 31, 39). 10. The nethod as cl ai mred~~p-ane_of
9, wherein the streamof cold gas is produced discon- tinuously
function of tife SMGRERCWARCHh 122 ¥0teed3PRHC, the device 16 is operated

cold with a cold stream of gas until a temperature
between -60°C and -70°C is detected by means of the
sensors 40 and/or 38. Then, a strsam of gas with a
temperature between -20°C and -60°C, preferably betwesn -
25°C to -30°C and -35°C to -40°C is set in order to form
the jets of gas emerging from the nozzles 30, 31, 39. -
The cold-gas mixer 17 is illustrated schemati-
cally in section in Figure 3. The cold-gas mixer 17
comprises essentially a mixing chamber 42 which is
connected via gas inlet 43 to line 23 and via ligquefied
gas conduit 44 to line 24. The liquefied gas conduit 44
has an outlet nozzle 45 with a round outlet passage 4§,
upstream of which an atomizing element 47 is arranged.
The atomizing element 47 is constructed as a deflector
.and is arranged at a distance in front of the outlet
passage 46. The deflector 47 extends at an angls of
incidence 52 > 30° with respect to the outlet passage 45.
In the mixing chamber 42, supercooled liquefied gas, via
liquefied gas conduit 44, and gas, via gas inlet 43, are
mixed in such a way that upstream of the cold-gas cutlet
48 the mass of fluid is less than that of the gas. To
this end, the liquefied gas passes through the round
outlet passage 46 to the atomizing element 47, by which
it is fed into the mixing gas chamber in an extremely
fine spray and evaporated there. As a result, the gas fed
via the gas inlet is cooled and conducted via the cold-
gas outlet to the distributor element 28.
Trials have shown that a jet 50 of éas which is
- formed at a temperature between -20°C and -60°C in the
Laval channels 35 from an inert gas or an inert gas
hixture and which strikes the no longer liquid solder
bead 14 at a blowing angle 49 of < 45°, preferably at a
blowing angle between 30° and 40°, produces a mismatch 53
between the solder resist 13 and solder bead 14 while
simultaneocusly mechanically removing the solder beads 14.
By means of the invention, the solder beads 14 are
mechanically removed by the jets 50 of gas during the



the sol dering plant as the printed circuit boards (1Q)_pass through. 11.

The method as clainmed in one of clains 1 to 10, wherkig rrature of
the stream of cold gas is set as a function of the inﬁzﬂ$M§$§@€%H55rthe
printed circuit board (10) until it reaches the jets (p0) of gasS amg/dr as

a function of the actual tenperature (38, 40) of thd sitr@22mitf §88. |14.
A devi ce for nmechanically renoving sol der3 beads on tihe.surface of pygi

circuit boards directly after they pass through thejsol der flow dufln
soldering of printed circuit boards in a sol dering gLaanmeich conprfses a

col d-gas m xer ppiddshiehctSccidnected on the inlet side via tw [THEs (23,
24) to at |least one vegssel (21) for supercool ed Liguefied se as
mi xtures and on the oufRett Hafe@f 3Pt %%%]tol}f)ﬁ’g ﬁgggf%d(%%%l,gogé?g

of the printed circuit boards by means of a further flat-

jet nozzle as they pass through the solder flow. In this
way, the formation of small solder nodules can be reduced
and the reliability of the method described above can be
increased further.

Gr-Wo



which is directed onto the surface of the printed circ
The device as clained in claim12, wherein the nozzle (%@PL@%gpagymjgw”_
constructed as a Laval nozzle. 14. The device as dl “WT‘H R or

13, wherein an evaporator (22) is arranged in one lin (23 h
device as claimed in one of clains 12 to0145, wherein ddju @eﬂﬂﬁﬁﬁ@ﬁs (25,
26) which can be actuated are arranged in the |ines (23,t.24) The
device as claimed in one of clains 12 to 15, wherein dlstrlbutor el enent
(28) with adjus{ means (27) connected upstream of Mt-i.s..arranged

bet ween the nozzles (30, 31, 39) and the cold-gas mxer (17), the said
distributor elenent (28) being constructed as a nozzle carrier. 17. The

devi'ce as claiged i n quemefhdd HIP metHanitdlly removing solder beads
on the surface of printed circuit boards directly after
they pass through the solder flow during flow soldering
of printed circuit boards in a soldering plant, wherein
the solder beads (14) are mechanically removed by means
of at least one jet (50) of cold gas directed onto the
surface. '
2. The method as claimed in claim 1, wherein the jet
(50) of gas is applied to the surface at a temperature of
between -20°C and -60°C.
3. The method as claimed in claim 1 or 2, wherein
the jet (50) of gas is applied to the surface after the
solder beads (14) have solidified.
4. The method as claimed in one of claims 1 to 3,
wherein the jet (50) of gas is applied to the surface at
a blowing angle (49) which is less than 45°, preferably
at a blowing angle of between 30° and 40°.
5. " The method as claimed in one of claims 1 to 4,
wherein a plurality of jets (50) of cold gas are applied
to at least one side of the surface over the entire width
{51) of the printed circuit board {10}, each of which
jets (50) of cold gas is produced by splitting it off -
from one stream of cold gas.
6. The method as claimed in one of claims 1 to §,
wherein the stream of cold gas is formed from an inert
gas, in particular nitrogen, argon, carbon dioxide or gas
mixtures thereof. .
7. The method as claimed in one of claims 1 to 6,
wherein the stream of cold gas is formed from the gaseous
‘phase and the liquid phase of the gas or gas mixture
used.
8. The method as claimed in one of claims 1 to 7,
wherein the jets (50) of cold gas are formed in nozzles
(30, 31, 39} and are directed against the surface with a
high blowing pressure.
9. The method as claimed in one of claims 1 to 8§,
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wherein means (36) are provided for adjusting the angui &P} srqrl
(37) of the distributor element (28) and/or of the nozzl ‘

with respect to the surface. 18. The device as cl ~Of~
1 to 17, wherein the cold-gas mxer (17) conprises a 897 (p2
with a gas inlet (43) and a cold-gas outlgt (48) and tgulfied gas

conduit (44) which leads into the m xing chanber (42)j and has an o

g/
Vi,

nozzle (45) with an outlet passage (46) to which an atfo el enment

I s assi gned.
passage (46)

19. . The devi ce clained in clai 18, wherein thé
| SUPBERYRE IR St S PR @anformed 1d Laval channels

(35} of the nozzles (30, 31, 39).

10. The method as claimed in one of claims 1 to 9,
wherein the stream of cold gas is produced disceon-
tinuously as a function of the signal which is formed in
the soldering plant as the printed circuit boards (10)
pass through.

11. The method as claimed in one of claims 1 to 10,
wherein the temperature of the stream of cold gas is set
as a function of the initial travel of the printed
circuit board (10) until it reaches the jets (50) of gas
and/or as a function of the actual temperature (38, 40)
of the stream of gas. _ .
i2. A device for mechanically removing soldexr beads
on the surface of printed circuit boards directly after
they pass through the solder flow during flow scldering
of printed circuit boards in a soldering plant, which
comprises a cold-gas mixer (17) which is connected on the
inlet side via two lines (23, 24) to at least one vessel

(21) for supercooled liquefied gases or gas mixtures and

on the outlet side to at least one nozzle (30, 31, 39)
which is directed onto the surface of the printed circuit
boards (10}.

13. The device as claimed in claim 12, wherein the
nozzle (30, 31, 39} is constructed as a Laval nozzle.
14. The device as claimed in claim 12 or 13, wherein
an evaporator (22) is arranged in one line (23).

1s. The device as claimed in one of claims 12 to 15,
wherein adjustment means (25, 26) which can be actuated
are arranged in the lines {23, 24).

.16, The device as claimed in one of claims 12 to 15,

wherein a distributor element (28} with adjustment means
(27) connected upstream of it is arranged between the
nozzles {30, 31, 39} and the cold-gas mixer (17), the
said distributor element (28} being constructed as a
nozzle carrier.

17. The device as claimed in one of claims 12 to 1§,

wherein means (36) are provided for adjusting the angular
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(47) is constructed as a deflector and is arranged at a
of the outlet passage (46). 20. The devi ce as cl ai
19, "wherein the deflector extends at an angle of incide
greater than 90 with respect to the outlet passage (46)
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position {(37) of the distributor element (28) and/or of
the nozzles (30, 31, 39) with respect to the surface.
18. The device as claimed in one of claims 1 to 17,
wherein the cold-gas mixer (17} comprises a mixing
chamber (42) with a gas inlet (43) and a cold-gas outlat
(48) and a liguified gas conduit (44) which leads into
the mixing chamber (42) and has an ocutlet nozzle (45)
with an outlet passage (46) to which an atomizing element
(47} is assigned.

19. The device as claimed in claim 18, wiierein the
outlet passage (46) is round and the atomizing element
(47} is constructed as a deflector and is arranged at a
distance in front of the ocutlet passage (46).

20. The device as claimed in claim 18 or 19, wherein
the deflector extends at an angle of incidence (52} which
is greater than 50° with respect to the outlet passage
(48) .
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Abstract

Method for mechanically removing solder beads
on the surface of printed circuit boards

The invention relates to a method for mechanical-
ly removing solder beads (14) from the surface of printed
circuit boaxds (10} directly after they pass through the
solder flow during flow soldering of printed circuit
boards in a scldering plant. In order to ensurze that the
solder beads are mechanically removed without damaging
the printed circuit boards, the solder beads 14 are
mechanically removed by means of at least one jet (S0) of
cold gas directed onto the surface (Figure 1}.

FIG, 1




