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SYSTEM The present invention relates to refl ow sol dering and nore

specifically to COOlI@g sol dered articles imrediately after sol dering.

Printed cgmmﬂmu“ assenblies are.,cooled after reflow soldering to
reduce th of the soldered articles below the nelting

t enper at ure ofegdodde sol der. Ingngfggnpgotdgnigg gg§¥gnticles to be sol dered
are first covered with a sol der paste contal ning ux which is then heated
in at | east one heat zone so that the solder nelts and the flux liquifies
permtting the solder to flow and cover the joint or area to be sol dered.

After heating, h§h$oé?g%ggtaﬁbbghg§e8a§gl%ggg @ C?%kﬁ%% Eﬁﬁ%%qnhgpere t he

sol der is cool ed eratuare hus har d sol der
on the circuand bonore apsemﬁllceélyl norrogplaagesomer@da arglisdesone |iquid or

solid flux QEﬂﬂfélétQT Q@té?'ggidﬂghﬁ forms in the cooler section. One

exanple of a reflow so derlng apparatus is disclosed in U S. Patent
5,125,556 to Deanbrosi o and one exanple of a cooling unit for a refl ow

sol dering system psifiagl egedui HoaraPakgBhodidh?a8e’ ctdbl%ai YHeett al. The
cooling unit is_generally. a separate sec Il on and |ncorporat novi ng

anbi ent gas ¥&&L ?Hn§°8ﬁEEPBﬂeF§ ERANGSh EReh L sFPEX AT Fert recircul ation
of the anbi e@&l@@ﬁeaaareau&espbebbwmhw hhlteggrdeh@dﬂmnEmﬁim in the

heat exchangers .and thln he f| actuators. These |ts
Cloggi ng of EHEIRBar  ERCRATAES SSIIFROY SOFUAFSAE IR T dih HUGRRE t ne
cool i ng perfarenfitesvvepvered wiiths ar eslides pnstncpmmnainmnguﬁ&wxme and
down 118 _Vehions:Ethads nabceRiysl 06 Hbuked8RASKER R Qg section
have been atte e renmedy

the solder melts and the flux liquifies permlttlng the

solder to flow and cover the joint or area to be

soldered. After heating, the soldered articles pass into

a cooling section where the solder is cooled below the

15 melting temperature, thus hardening the solder on the
circuit board assemblies. In most cases there is also
some liquid or solid flux deposits on the solder which

forms in the cooler section.

One example of a reflow soldering apparatus is

20 disclosed in U.S. Patent 5,125,556 to Deambrosio and one
example of a cooling unit for a reflow soldering system
is disclosed in U.S. Patent 4,912,857 to Parent et al.
The cooling unit is generally a separate section and
incorporates moving ambient gas via fans or blowers

25 through a heat exchanger. The recirculation of the
ambient gas can cause problems with regard to flux
deposits in the heat exchangers and within the flow
actuators. These deposits can cause clogging of the heat
exchangers and flow actuators which can degrade the

30 cooling performance over time. This results in increased
maintenance and down time.

Various methods of reducing flux deposits in the
cooling section have been attempted. One remedy is a
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.filtration systemwherein gases in the reflow heating zones are gaﬁggd 0
through a filtering nedium before entering the cooling zone. Th3 hm éue
is not always effective as it is difficult to filter out the flux 5
conponents when in the vapour phase. Thus, filter systens may slow the
accunul ation of flux deposits in the cdold mg zone, but they do not solve

t he probl em Anot her suggested schene is a cleaning cygle for the entire

ref | ow appar bt H8TarAopnFYSERE: WRETERB HBELSngP1E6NEoKES LAWY heRd 18Sh! i ng

zones are hegbgést ara pasRedathreuwhi ahfallkewingl wedderoPefoxel thin the
oven to vaporize. ,Such.a procedure) howeyer,, has.a.nunber_ of prqblens, one
of them bei ngRHGEIRY thE Icé’loaén?héf’ﬁ‘ﬁl' négésofef:ﬁéu'quﬁed'tsi s Ys

requi ri ng hi gbfeeativegasndtgyswidii€liicslbot f£3ltest loptandhe ififtmxconsum ng.
There [s¢a t LESoRLER PLARES S RGN BRALS Wlacdakesou, gad ool s down the
conpl et e Tapparatuas. i S'Téequires the shut “down of "the 'refl"ow appar at us.
Anot her probsgatenst hay tsiow &dier egcumulgtionl oft S depasittisr dlry ghe ged
from the heapogXehangene?0 pitetrey HaCnEeokilgeZ e iidifap se it may
rupture as a resu 0 I'gh pressdare at el evated cl edning tenperatures.
This last point is of concern because a failure of the purge systemcould

result in personahnicfinéyy sudfyelst e slcheael 1130 as@Qldaind eyl idiW the

sol deri ng apgar at us, %lg!rgh circul ati orl of _anbi ent eglgsgﬁ_gessq%g,hrough a
heat exchang8Rt#5Scd6l APRETEENS -5 oL Fe FET S YiSH t Whveyed

t hr ough Ithe goaked agds thEhedoldmpZonesme geacedited d ntdnpexamntd ng
systemare ajf . njtr < NErQgen (RRQVI i 0Gess

envi ronnent ‘é’ha%%u%‘rqqﬁr“*sghﬁgﬁpéi(ﬁ%(?es"rl%%oiwﬁ&s}ﬁér g%(%b?gﬁéﬁg?% r?ParzPOnlltzreo‘gen

at nospher e aSuchi dapiroreathse ndoweyer, das lve e efbfprdislend devne 3 0

JuL QD03 - 3og] tnleth ifﬂ%ﬂie e t@feeipa"itg% l@mrrdaqn s’ idfe a cool i ng

system f or | ow sol der1 whi ch reduces ux deposits on heat exchangers

and flow act HERSARG ZanRS ERTYiTgnse ligh heptilngsReIw M ish d Hypoth

suppl yi ngs at cpshagstarfe GRS Sdiing .F eqiiRdesaesid ittatdey dtlep Hrsd ter ed
articles conv ,e%[%lhrou%h th qge%l %’% seciion, thus a reduce as flowis
used for coolriGh FSRETP 1 l?é’(éil?so@lﬁ QT TR fically
at the sol despghaaratiud es.THie wapidtesearhd shprtodloved oih thegasefllowkni fe and
a cleaning c i ovi r]ﬁ%ﬂ' r to Heat L35 f!ggg {0 a
tenperature é%%\%glafscl%( va%g%rge;ﬁj on, ltﬁslér)ermw nttgﬂ%el ux epoisélat[lslp%n t he gas
kni fe. The egxpodsgitomusfasb«riitatraisedyraes o dihe theathextharagxe t hat

provi des; @ Suigle?b!i$, G35 SASSPRg Yorf) IdBHENG f OWHPOHAL Sy S{gm to cool
an object. Gas knife shoul d be considered as a gas. flow actuator such as
sl ot nozzl es F&Sdidrd oA Ib?esaﬁ%ﬁ/satofelrﬁﬁazqeé DRINIhed to provide an
i mpi ngi ng gas:efnlfpwataﬁ:érém Priese ia st WO Hrel | sascergasedande £ool i ng
system for aJte | ow SO’%,\,,d'iel{\i gg%%ﬁ ar attus haovi ng ,a shu ti se}g:ti on, fol |l owed
by a cool i ng f&&dt4%sh i T SO FOr T HF DY XTI sol der ed
t hrough the apygarmtus, the gas knife cooling system conprising at 25 | east
one gas knife in the cooling section positioned to direct a gas stream at

sol dered groducts on the conveyor to cool the products, and including a
heat er a33oci at ed I tPTPEheCeRL1kNi F&CEEINT R AL PRI EIPTHRY cl eani ng

cycles to healpgd¥ntas, kol hegh OcBréCIPeicht W aoVént | gxs passes
through a heat exchanger to cool the gas. The soldered
articles are then conveyed through the cooled gas. The
two most common gases used in this cooling system are air
30 and nitrogen. Nitrogen provides an inert process

environment and much brighter solder joints are obtained
in a nitrogen atmosphere as oxidation does not occur on
the surface of the solder.



.30 vaporization-tenperature of flux deposits fromthe soldered3g¥qﬂﬂpﬂﬂﬂ
There is also provided a nethod of cooling soldered products passing on a
conveyor fromthe heating section of a reflow soldering apparatus to a
cool ing section 3 0 JUL 208 - 4 conprising the steps of directing at

| east one gas 'streamonto the sol dered prdducts in the cooling section to
cool the products, providing cleaning cycles fromtinme to tinme wherein the

gas i s heated abo¢& fISuRNy&38 Pfatqh@n_gqs_@rﬁﬁeridt%ré'—iﬁnqu?,u)@m‘p&ﬁt% from
the sol der edcppaduet SysltendfdM ST 16 EbliddUsld ahf @rbedh s sf pix t he

present invention, "Figure 1 is a_ side elevatiqnal schematic view show ng
one enbodi meREPEELLS. OB iNFRts EXGIGRIST S1 I TVPYL RS HHLRT hgt Rppae at us
accor di ng t 0cbbe 1Pl Bt digi.entiikds dHingUWee athievdd iBp@ipp Ty hgwashow ng a
gas knife accordi n%ﬁto one enbodi ngnt gﬁ# he present.jnventi.on, Figure 3 is
a bl ock i agr&fEEh&RENF3E ST %ﬁc iid 3y the B8 knife
cool i ng syst epldetediatd ifcl ek coraregeib dienighoft Hhecpokhmmt sedyesj on. A
refl ow sol dering apparatus, 10 ageordi.ng .t ody t,. L s.shown in
Figure 1 WhEI;Zﬁu% & Eﬁqﬁicee&l cqar‘scCt}ﬁto“gc}a%rg&lsgesé;e%erﬁﬁe?ﬁcgﬂ(}?&o'féé?a TRt 0 be
sol dered i s colderedemauee diveyodikeated rpec Hiezally aecthen 16 to 20 a
cool i ng sect i shied WA NeANGS 2L Uil IBrddiicdraling gect | on

16, however, these heaters are but o ype of heat used in ar
sol der i P appaideuandHeatEeagend sid® déhrxavisiedas eeawiledet@sed, or

any other suinleak Qﬂaea%aisﬂgcmeaatdﬂ&tenlmta%df@ @&dve| £pud2 25 passing on
t he conveyor 14 throu sectiqaon 16, In the cooling section 18 a

t he heatin
heat exchang®PPP¥%4ad 4 VIR % \PRROS ROy PR ¥38s 24 whi ch
direct gas stkird&ws onto the top of the soldered articles 30 12 passing on
t he conveyor 14. A lower gas knife 25 is shown positioned bel ow the
conveyor 14 so that a gas
The expression "gas knife" used herein refers to any

15 device that provides a suitable gas stream, or an
impinging flow cooling system to cool an object. Gas
knife should be considered as a gas flow actuator such as
slot nozzles, round nozzles or arrays of nozzles
positioned to provide an impinging gas flow.

20 The present invention provides a gas knife cooling
system for a reflow soldering apparatus having a heating
section followed by a cooling section, with a conveyor
for carrying products to be soldered through the
apparatus, the gas knife cooling system comprising at

25 least one gas knife in the cooling section positioned to
direct a gas stream at soldered products on the conveyor
to cool the products, and including a heater associated
with the gas knife activated for predetermined cleaning
cycles to heat the gas knife to a temperature above flux

30 vaporization temperature of flux deposits from the
soldered products.

There is also provided a method of cooling soldered
products passing on a conveyor from the heating section
of a reflow soldering apparatus to a cooling section



.3 0JUL 2003 - 5 streamis directed onto the underside of the iglgeLeﬂm3
articles 12. The heat exchanger 22 cools and stabilizes the anb?én
tenperature of the gas in the cooling section 18. This stabilization is
desirabl e when there is heavy 5 product_|l,0adi ng through the cooling section
18. Each of the soldered articles 12 is cool ed giving up heat which is

g csioat ed i ol | ! N Vi i
i roulat od coghERiE3Rs, fhes ST o iPePRAALTRE GRA G U RIS
m xture, or onherthe sedideredriprodusss to phes comldngh srutriordd maplt he
heat exchangef, .22 .and Quf Eﬂ%ﬂH@ﬂn@?bﬁe%ﬁinpnc?%ﬁ%% RS Ofmd &fd M me

sol deri ng deviceS the heat "exchang may utrliZe convective cooling wth
heat di ssi pavhewefitnghg a@seds BifatedodPNg & ust NEPI 28I cool i ng

means. Asl5 peabe@xeldids 3 iRERiesatredmn Rter ddleid e priRtudey fe 25,
beneath the conveyor 14, or outside the cooling section altogether. The

heat exchanger cooling systemis quite separate to the gas streans fromthe

gas knives 24, 25. 1hn Gxeividids adldicaliless ratkee@imbodivmrgsy 2 tilge 20 not
requi red. Because the gas knhives 24,25 are producing a directed gas stream
rather than Pﬁ&sﬁ&’:elt’ﬁ' as circul ation systems utilizing blowers, the
probl em of condensati on or clogging of the heat exchanger 22 with 25 fl ux

deposits does not ecause J. I e . circyl ate

t her et hrough. The FSL%H% (t)iwgta%si t#é%a%l%%ls\?égg% , %gq%s"{%locfnxél%l'epar ate
source and i shgetidgaldne mabadiglengulcdt @d copld ngowest: isin cwhpr essiildbwas may
be an aijp CORBARRSAMg bW 8s SRt HiHL th'i%healﬁl‘ééé}Q@niﬂ@é}&fEn Ot her

sui tabl e source. The gas is delivered approxi natel'y at roomtenperature or
slightly below, therefore is not cool ed before passing through the gas

entry line 30 to Eienpas Kniyemh Hsotetric3 iellshiitihg £ gads lehiogw in
thereof to hBSE e RriTe TROGHEY (F 41t ROREToa Y orohe gas
passi ng through the gas knife 24. The tenperature of the 5 gas knives 24,25
o a0 YDt e DRSO T LRI AL Fo o | 0

thus the flux deposits vaporize and t| : .
deposits on tliexr gpetating the Xas il fd aatlidic Byt ReeCFding to

sufficiept tidiR tQuapoiede dhakd Prddbdesifigsiddius the maintenance of

the cooling section is far sinpler than in the existing types of cooling
sections for reflow sol der devices where an extensive heat cycle is
necessary to renowe féfXowepobdésing eppeaeonis exh fadexor@posits gewmeral |y

exit from 15 e%%%!isnt\esn@tiga&@o&?dir?ff‘it&eresq %{eizngix?pgaﬁﬂﬂéeéocircuit

board assembly 12 or other article to be soldered is
conveyed on a conveyor 14 through a heating section 16 to

20 a cooling section 18. Infrared heaters 20 are shown in
the heating section 16, however, these heaters are but
one type of heater used in a reflow soldering apparatus.
Heated gas forced convection systems may be used, or any
other suitable heating system that heats the articles 12

25 passing on the conveyor 14 through the heating section
1l6.

In the cooling section 18 a heat exchanger 22 is
mounted above a plurality of upper gas knives 24 which
direct gas streams onto the top of the soldered articles

30 12 passing on the conveyor 14. A lower gas knife 25 is
shown positioned below the conveyor 14 so that a gas



.Because the gas supplied to the gas knives 24,25 is froma sepggﬂtﬁPEONnBe,
there is a continuous flow of gas out of the cooling section 18 *T
continuous gas flow evacuates the flux vapour in part which allows it to be
20 renmoved fromthe system by the exhausts at the end of the soldering
apparatus 10. Sone flux vapour may condenSe on the walls of the sol deri ng
appar atus and sone np ] so re-condense on the s kpives 24,25. However,
because the Sih¥ef® ’age‘gnb‘?c’i% UL i %r‘%ﬂ‘g?logoﬁ)ﬁﬁrﬁaléﬁrﬁé t he
overal | surf ane o¢bes 0f2 1 heTlopitaat uchdreger | 32 ocbyla ahdgbtabulldesp of
flux deposits., The .nunber_and | ocation: of, gas_knives, 24, 25.are det er,m ned
by the am)un'fubef m%exﬁ PRI § eodf'. tlkh% %%% ?’(’ﬁiégg 59811188 aﬁggf‘ﬁf’ough
a flow contrd8er Esishsvabllizat Fogure Gesitablesvhenethesekisf bebay a
t her rocoupl e .33 r anper e : kour e
t her rmcougl e %O%‘r?%tgi %%%diaﬁ’%f%%% l]é)op. co%gt’drjl%fn%f ??%glﬁgagg?. Eagl?o-g?UL
2003 _ 7 _ Wicheasoitdereppr¥t hakesknl 2 ebs 220at edsasanandPohearowli chas
knife 25, in son@itypsscod {£fiow s@duehy ngedeybresson! X aephigke gas
knife, preferably, directing a gas_strean on hgeéogﬁgirface Qf the sol dered
X

product, is FPeELRYBYSHPR BXPHHITS A THECH:A gek Which Ravnbsin
the required 4 AP abtheri as NewsOort i g wecérpglytolopdkaure) egobties from

an exteriqr sourgce is d%;ected fromthe ﬁas Kk |veﬁ 24 %S.a% thg sol der ed
articl estP2. GEPTARE{ PLHFBTEEast? PRGN ERRUEs S RAFVed®i 4184 k081 ReGipar ed
to a nornal cexykahgenab2candiogt sekbtowgh €xgtur283 i Ihusthatesypegowifr ol | er
arrangemont 1 oLe SO0t LBLALRgL "io9RSe S | el n8he NOLIRLAREACHRY ERONNG and

or a cleaning cycle "For nornal process cooling the gas suppry “passes
through a fireenvetvévedcenitngivivheheat Aégaspagieal ¥dng6orand t hen
enters the gag) kpiy¥6aié4cd811AG088othee 30itdBeeSeeRNdnkaeand8, Wi ch

provi des a second gas_supply, Ts closed during nqormal coQling. In the
cl eani ng18ycl RerheeXFPaRIPX] ¢ MAY|Re LBSRHSINHNARE SHesdOUST F@Bve 38 is

open, the conpheseedsgapefdaphytR@sseavebpugl , aogeontdided ttiengosdlivey 40
which permts_a geduceg gas £|OMIf?h tge gleanhn Cép|e §§ conggred t.o the
normal procesE®EHOPPNGFPER"ohen thE CFRANFAG EggF C€OC 3P FEEFE™ HE
control l er 42gaulise aepavatestbhth@bgasasersa®? Emomhéhgagaenikndye®s, 25, the
tenperature of,t heat.e k g y ot h g [
heater 32 hea%g'?ﬁé ggé Eﬁ?gégﬁzﬁggﬁﬁgégsgn?hé ggggrgég?%%' fgéggfgiure of
the flux 2o tRetfrequdsedsits on the gas knives vaporize. 30 The gas fl ow
per knife is preferably in the range from 100 to 2500 CFH (2.83 nB/hr to
70.8 nmB/hr) at an input pregsure o% 30 to éZ% psi_ (207 kPa - 827 kPa).
Nitrogen is the prBfERMEE §BE HPENEBIK®St Rér 2PyBEE HF NGRS & gases may be

used. | n sonediretraedegas stregmbeather than the more typical gas
circulation systems utilizing blowers, the problem of

condensation or clogging of the heat exchanger 22 with
25 flux deposits does not occur because the process gases do
not circulate therethrough.

The gas flow to the gas knives 24,25 is from a
separate source and is generally not recirculated. The
source of compressed gas may be an air compressor,

30 compressed bottle gas, a nitrogen tank or other suitable
source. The gas is delivered approximately at room
temperature or slightly below, therefore is not cooled
before passing through the gas entry line 30 to the gas
knives 24,25.



.3 0'JUL 2003 _s: circulated in the cooling section. The proces% blﬁm%rgm
is adjusted based on the anmobunt of heat exchange required, thaty Ps 3,
the cooling rate is controlled by the gas flow and gas tenperature. The
cleaning cycle 5 is engaged at intervals appropriate to prevent a build up
of flux residue on the gas knives. Wen fhe cycle is engaged, the gas flow
switches to the I pw f] ow condition and the heaters_on_the knives are
ener gi zed. Thus, gﬁesgﬂW?elPehbgPﬁfuge F9€r33§egnéﬁﬁ 24 ﬁ@Fda&t a preset

| evel 10 abozketteivaheateat BRnpbebpionedr &t othél backethdwesf Ehae helaeani ng
cycle runs f S i ¢l i, me r the flux residues_tqQ_be renpved, the

el ectronic 8%% r%%%egh?ﬁénEgmﬁtiﬁggéo*? ?#thgépgrEegﬁénghgﬁgggetﬁ@sflom/to
t he process paghifgonhronght tba §gas knbféeng4 . 15Thke tempexalt urer odr miece of
the coMPeesseds GeAivakveR b8 280D LICOHONSCKPETLTRILL BDlrRU Yalent or
superior to at of existing cool I ng nodu %s. ow conplexity printed
circuit boar®RP¥thRiRgatampsratuye7of (the7fkux7 8hug) theydElaw aver age
l'iquidus ti n@eﬁésﬂﬂs25a§_@999€5aﬁﬂdtﬁigoﬁ%veﬁtgca%hﬁl@ SpAR#arEd ygool i ng
nodul e. Using the, gas knlge nndu#e,of t he grese&%FlnventLon, t he |1 quidus
time was redttRAStbSaflat8fag@soknaved ¢écédnds hC4eaning s¥cle,

extrenel y cosptexsbpordaakadfsbovnt gomd tosuhporitle tHeafdand cool ing
nodul e gve an agerage 65 Ig ui dus %ine of 8?.% seconds and a Qt of 47C
whil e tHE gak"RhFP8SmobHPE 5fSt HBLIPFBUBRACe RYehPFofOOTINE SET AT dGe

l'i qui dus ti nBaofs8fpBesethadsiantha ekistifgCtypbrpenifmeaiod ingr e perf or ned
to test the f e. i v iLy r fr s _knife

i mpi ngi ng ongééég%PgeFEFOFEFgEWTgéggé%e?gQ?ﬁ%gugﬁggeagg%ég%hl e Vifodul e
operating atheapufyplesdgr sscessaryand Bompye £303 gdeposErskPa) and fl ow
rates of 250 and 600 CFH (7 and 17 nB/hr). Boards were al so sol dered

w thout using a gas knife for reference. The responses eval uated were
nunber 35 sol der Eﬁ?dﬁé@°§ﬁaeﬂu§%8¥ BePeBhhEngRNE T Advd eX1t3 IOy 2003 g
_ Stati a6 caéxhaakysi atOEatheedgt afdtHenﬁblﬁmemgnEp@f&Fﬂa@ﬁ :1<mr1 bet ween
conponent noyenent apd t gas Lves, Ip . the_ga nife e, the gas
streans do n%?ggu%?rggﬁaggstﬁPgﬁgﬁeghgohgg? gﬁghgﬁdgﬁf Fggg%fﬂﬁx d&Pbsi t s
do not general égparate spurke,htherextbaagepntThaoyss flow e 24 s2but

T Al LY, P18y €8 BBo10AL°BECRILRALE | NThES, COALLAGIAL ol e 1000
consequent |y flux deposit ormthereon. to Various changes nmay be nade to
t he enbodi neRY3CYRERA KBeeRiltr WAPRBEt iBeparti Whithomltiewss dgp&ote he
present Jonvenénetedhirebm $hei BykedmoBlythY ERBaliellsowWithd He @B of the

soldering apparatus 10. Some flux vapour may condense on

the walls of the soldering apparatus and some may also
re-condense on the gas knives 24,25. However, because
the surface area of the gas knives is small compared to

25 the overall surface area of the apparatus, there is only
a slight build up of flux deposits.

The number and location of gas knives 24,25 are
determined by the amount of heat transfer desired. The
gas knives are fed gas through a flow controller as shown

30 in Figure 3. At least one gas knife has a thermocouple
33 referred to as the temperature sensor in Figure 3.
The thermocouple 33 provides a closed loop control of the
heater.



.3 0'JUL 2003 - to Cains 1. A method of cooling soldered pro ugt Pxg83 ng
on a conveyor froma heating section of a reflow soldering apparatus to a
cooling section conprising the steps of: directing at | east one gas stream

onto the sol dered products in the cooling section to cool the products;
provi ding cleaning cycles fromtinme to 4ite wherein the gas is heated above
flux vaporization tenperature of flux deposits fromthe sol dered products.
2. The nethod of Wbekeag Swbdeppérpgedudns vesc@ddiang tahawmiandl aseerein t he

gas stream i §oReQl ﬁgsgggfiE%i 3,035 Kle® ol o) JYAGLPIOASRsST NG on

t he conveyor and t e i s heated ux vapor|] zation
t enper at ure GEVACES @B3Yskt §ingdm ORE IBide ePrinisdiplly B remfdngtdod of

cool i ng sol dgaed sRreduCis 2heotdbNGur®sdedidh kntheifide@ld [Pasdudio gas
streans are Erovnde , one froma gas knife positioned above the conveyor to

direct gas oREFUHE%op of the sol dered products, and one froma gas knife
posi tioned bel ow the conveyor to direct gas onto the underside of the

| d d duct 4. Th t had, of l,i | d d duct ' t
claim 3 wherei n haktePbiReBe, 8y B oA Y HESRISH vl 1 ATRETAE G
kni ves above rielquwi redp demperiasuree ipe titeurco l5indTeeateitdrod din cool i ng
sol der ed pro@%%&%t@%%p%%bﬂgg%% Eg@ﬁﬁ%ﬁ‘@%ﬂé?#%fiééﬂggﬁfﬁé”&ﬁfé%gﬁﬁ and

I 'er r e h

t enperature control are provi to control the tenperature o e gas
knives at a préfetdenigasd kndyes 24,25 at the soldered articles 12.

10 The flow of gas through the gas knives is reduced

compared to a normal conventional cooling section.

Figure 3 illustrates a controller arrangement for
controlling the gas flow for normal process cooling and
for a cleaning cycle. For normal process cooling the gas

15 supply passes through a first valve 34 which is open, a
reducing valve 36, and then enters the gas knives 24,25
through line 30. The second valve 38, which provides a
second gas supply, is closed during normal cooling. 1In
the cleaning cycle the first valve 34 is closed and the

20 second valve 38 is open, the compressed gas supply passes
through a second reducing valve 40 which permits a
reduced gas flow for the cleaning cycle as compared to
the normal process cooling flow. When the cleaning cycle
is commenced, the controller 42 also activates the

25 heaters 32 in the gas knives 24,25, the temperature of
the heater 32 is controlled by the thermocouple 33. The
heater 32 heats the gas knives 24,25 above the
vaporization temperature of the flux so the flux deposits
on the gas knives vaporize.

30 The gas flow per knife is preferably in the range
from 100 to 2500 CFH (2.83 m’/hr to 70.8 m*/hr) at an
input pressure of 30 to 120 psi (207 kPa - 827 kPa).
Nitrogen is the preferred gas although other types of
suitable gases may be used. 1In some instances air may be
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switches off the heaters and changes the flow to the
process high flow condition for cooling.

15 The thermal performance of the compressed gas knives
is shown through experiment to be equivalent or superior
to that of existing cooling modules. A low complexity
printed circuit board which measures 5" x 7" (12.7 x 17.8
cm) gave an average liquidus time of 44.25 seconds and a

20 A, of 3°C with a standard cooling module. Using the gas
knife module of the present invention, the liquidus time
was reduced to an average of 37.0 seconds with a A, of
5°C. An extremely complex board also showed good
results. The standard cooling module gave an average

25 liquidus time of 83.2 seconds and a A, of 47°C while the
gas knife module of the present invention showed an
average liquidus time of 80.8 seconds and a A, of 32°C,

Experiments were performed to test the effect of the

high velocity gas stream from the gas knife impinging on
30 solder joints. Tests were run using a two knife module

operating at input pressures of 44 and 80 psi (303 and

552 kPa) and flow rates of 250 and 600 CFH (7 and 17

m*/hr) . Boards were also soldered without using a gas

knife for reference. The responses evaluated were number
35 solder bridges and number of components moved.
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.F"10% ; & ()circulate through the heat exchanger, thus flux deposits
do not generally occur in the heat exchanger. The gas
knives 24,25 generally provide the coolest surface in the
cooling section, and consequently flux deposits form
thereon.

10 Various changes may be made to the embodiments shown
herewith without departing from the scope of the present
invention which is limited only by the following claims.
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comprising the steps of:

directing at least one gas stream onto the soldered products in the

cooling section to cool the products;

providing cleaning cycles from time to time wherein the gas is
heated above flux vaporization temperature of flux deposits from the

soldered products.

2. The method of cooling soldered products according to claim 1
wherein the gas stream is projected from a gas knife onto soldered products
passing on the conveyor and the gas knife is heated above flux vaporization

temperature of flux deposits from the soldered products.

3. The method of cooling soldered products according to claim 1
wherein at least two gas streams are provided, one from a gas knife
positioned above the conveyor to direct gas onto the top of the soldered
products, and one from a gas knife positioned below the conveyor to direct

gas onto the underside of the soldered products.

4. The method of cooling soldered products according to claim 3
wherein heaters are provided on the gas knives to heat the gas knives above

flux vaporization temperature.

5. The method of cooling soldered products according to claim 4
wherein a temperature sensor and temperature controller are provided to

control the temperature of the gas knives at a predetermined level.
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wherein the gas stream for normal process flow is at a higher flow rate than

for the cleaning cycles.

7. The method of cooling soldered products according to claim 1

wherein the gas is nitrogen.

8. The method of cooling soldered products according to claim 1

wherein the gas is air.

9. The method of cooling according to claim 1 including a heat

exchanger to stabilize process temperature within the cooling section.



