W ERS- 045- WO Boe/rie/nc 5 10 Device and nethod for thermally treating
wor kpi eces in particular by convective heat transfer 15The present
invention relates to a device according to the preanble of Caim1.
Moreover, the invention relates to a nethod according to the preanble
of Claim 13. Devices or systens of the above-cited type serve for the
thermal treatnent of all types of workpieces, for instance for curing
of adhesive 20 connections, thermal conditioning for downstream
wor ki ng stations or the like. In particular, such devices serve as

sol dering devices or soldering systens, in particular reflow

sol dering systens, for printed circuit boards or other carriers that
are equipped with electrical or electronic conponents. 25In tRySpcosswo
regard, the reflow sol dering systens known fromthe state of the glhie/me
regularly feature several successively arranged process chanbers or
process zones of different tenperatures, in particular a preheating
zone, a reflow zone and a cooling zone, in which the printed circuit
boards to be sol dered are subjected to different tenperatures. The
heati ng process 30 in each zone is performed with the aid of heating
and cooling elenents, the heat thereof being conveyed in the
direction of the printed circuit 2 boards using blowers. In this
process, heat is blown to the printed circuit boards in general from
above and from bel ow. The heat transfer to the printed circuit boards
is subst@antially perforned in a convective manner and is in
particul ar contingent upon the tenperature and the fl ow 5conditions
prevailing in the heated air. In order to realize a sufficient degree
of process stimbicd ivdyneatiod fdribSmEIBl traatihgByrfecksn patitil Sy bnve &Nt RAUGIHL
soldering results, the detection of

15 The present invention relates to a device according to the preamble of
Claim 1. Moreover, the invention relates to a method according to the

preamble of Claim 13.

Devices or systems of the above-cited type serve for the thermal
treatment of all types of workpieces, for instance for curing of adhesive
20 connections, thermal conditioning for downstream working stations or
the like. In particular, such devices serve as soldering devices or
soldering systerﬁs, in particular reflow soldering systems, for printed
circuit boards or other carriers that are equipped with electrical or

electronic components.

25 In this regard, the reflow soldering systems known from the state of the
art regularly feature several successively arranged process chambers or
process zones of different temperatures, in particular a preheating zone,
a reflow zone and a cooling zone, in which the printed circuit boards to
be soldered are subjected to different temperatures. The heating process

30 in each zone is performed with the aid of heating and cooling clements,

“the heat thereof being conveyed in the direction of the printed circuit



the process paraneters for controlling and adjusting the device is of
essential relevance. Wiile this can be attained in a conparatively
easy manner for the tenperature in the process chanber or process
zone, the convection conditions, such as flow conditions, are hard to
detect, in particular since known f1 owret®ers or anenmoneters cannot be
utilized in process chanbers of such high tenperatures as are

encount er ed bioardefikiow bblwders. g pinpesses, htaSiabtiwg thribm itihsdtateit

of the art, it is.an object of the present |nventjon to suggest a

devi co for’ PRAFRIT $ebPEa RS ABPKp RGeS Omnae ot c AReioes AN TE84f Bhe
to detect tpeirMe@GessuiShaRrds 1y shPstaheiaPlOFESSrmRATRES 0BV ePfiVE G Suner
zones, respectively. This object is attai'ned by a device according to

t he t eachi ngnéfisanapanticulaocagiisgengepos thatedipreatisesind e flowent i on
are the subj - it he. subcl aj ns. .. The inventive device or
system f%r Jtcﬁgéﬁamgyﬁh‘g%ﬁ %gmvv(%)hr‘ﬁ(%?%t(r:geas?lri n particular printed
circuit boards or the like that are equi pped with electrical and

el ectroni c towpdeent scaline a sEifiveenkdoyreepef psec 25coapill tsesndthhLast
one process éha@té;er Aan whi ch at | east one cooling or heating zone is
formed or dfSpYERnd 1R PAREFLAIrEPERLcible sqldpring agsylis depdetsgiion of

I ntroduci bl end s &is-pdrantdibss FSE988Shro IS fahﬁiéh'{{@%{ngeth%tcf@%ﬁ[?@% lo§
air, a protective gas or any other opti onal typé of Jas or gaseous

m xt ure. Thessemtlgliretesanas. B¥hileethtiedanrbd hitsinmdotessopassratidely easy
t hrough_ t he_heat.i 0oling zone, wherein heat is transferred i
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tenperature nmeasuring element is additionally provided. 5According to
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convectively transferr bet ween sor e
addi ti on, asdldedinygptwceshes.i nvention, provision is nmade for an

apparatus by neans of which the sensor el enment can be cool ed and/ or

heated 10 rg] ative.to the tenperature prevailing in the process .
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tenper at ur etg"B@st ¢t N9d 8 REEMYr-thermally treating workpieces and which makes it

possible to detect the process stability in the process chambers or

process zones, respectively.
This object is attained by a device according to the teaching of Claim 1.

20 Advantageous embodiments of the invention are the subject-matter of the

subclaims.

The inventive device or system for thermally treating workpieces, in
particular printed circuit boards or the like that are equipped with
electrical and electronic components, in 2 manner known per se

25 comprises at least one process chamber in which at least one cooling or
heating zone is formed or disposed, a temperature-controlled gaseous
fluid being introducible therein. In this regard, the fluid may be
atmospheric air, a protective gas or any other optional type of gas or

gaseous mixture. The workpieces to be treated in this process pass



Firstly, the arrangenent of the sensor elenent that has a defined
mass in the process chanber nmeans that the sensor elenent is
subjected to a 15convective heat transfer in the sane way as the

wor kpi eces to be treated. In this process, the sensor elenent is
heated until it substantially assunmes the tenperature prevailing

wi thin the process chanber. Upon reaching this first equilibrium
state, the slemsgh dieheatingorcoallét bynspahsrein hée appanstaisednti| a
second equi li bri state at a.lower 20 tenperature |level is reached

m
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sensor elenent is convectively heated.to once again réach t
equi | i bri untgnpertiuGh mdrsubasy slesfienthis 2dshipiomal lyr prorideidl e of t he
tenperature of the sensor elenment, in particular the increase of the
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cool i ng and°Peutithcleyidpasiesred hetwesr ghe eppsrimelemntoing Hee fluid. In
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conclusions as to the convection wt process ¢
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second 5equilibriumstate of a higher tenperature or ent
hi gh tenper@caferiag alamesénsor el ement is reached, whereupon the
sensor elenent is convectively cooled until reaching the first

equilibriu e S t t enperat ur of i | f the .
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be drawn as to the convection. In other words, this neans that the
faster Phe TUDIShY ohedhidaBeifadn Wicciang Wahas bae merrkphec asotiv be ttr aried.

In this process, the sensor element is heated until it substantially
assumes the temperature prevailing within the process chamber. Upon
reaching this first equilibrium state, the sensor element is cooled by
means of the apparatus until a second equilibrium state at a lower

20 temperature level is reached or a sufficiently low temperature of the
sensor element is attained. Subsequently, cooling of the sensor element
is terminated and the sensor element is convectively heated to once again
reach the first equilibrium state. On the basis of the temperature profile
of the temperature of the sensor element, in particular the increase of the

25 temperature upon termination of the cooling process, conclusions can be
drawn as to the convection. In other words, this means that the faster the
temperature increase, the better the convection. By performing a
comparison of the temperature curves of successive cooling and heating
cycles of the sensor element, or of the respectively current temperature

30 curve with a reference curve, conclusions as to the convection within the



The way in which the tenperature neasuring elenent is arranged is
basically arbitrary, provided that a sufficiently accurate

nmeasurenment of 15 the tenperature of the sensor elenent is
guaranteed. According to a preferred exenplary enbodi nent of the
invention, the tenperature neasuring elenent is directly or

indirectly disposed at or within the sensor elenment. For instance,

t he tenper apuoecsseasambnag cehahentbecdravibe i pprasadaonittdwn BO estutflagded if
of the sens el emen%., for exarrgl in an adhesively bonded fashi on.
However , ac%‘?ﬁpﬂﬁef OB BRI ?@lee%bgd?}ﬁ%qﬁmﬁfmt $oiSAtq fothe prpsess.
sensor elenent features a recess having the tenperature neasuring

el ement di spasechatieitd. thEdco 118 0FIhe fs@hsb NEIANES:, tHBY%ASoARIement
indentation on the surface or else a bore provided in the body of the

25sensor el EARritlso Pisehqasd withtthe aidnpletie ipparstasunting & t is
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enpl oyed, for instance therno efenments, seni conductor Sen ors.
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sensor elenent is disposed in each process cha 5 € process
chanber or clenphiurialparyicofaptloedssrombanifahs teagerhoatueors eéoenalation

heat i ng,and/ or, ceal i.ng zones, according to anofher preferred .
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this way, process stability can be determ ned for each tenperature

zone 10 of BHcheyebékasoangatier: The cooling of the sensor el enent
via the cooling apparatus can be perfornmed in a basically arbitrary

fashion. Th | i quj, ¢ ar b ray to or
cl'se 1 ushodns btbal ic uPasRber TRl Atha iR AR PR AP s
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conducting a hot fluid, in’particular a heating gas, rou
sensor el emagasuring element is directly or indirectly disposed at or within the

sensor element.

For instance, the temperature measuring element can be disposed on the
20 surface of the sensor element, for example in an adhesively bonded
fashion. However, according to an exemplary embodiment of the
invention, the sensor element features a recess having the temperature
measuring element disposed therein. This recess, for instance, may be an
indentation on the surface or else a bore provided in the body of the

25 sensor element.

The type of the temperature measuring element is basically optional.
Thus, thermo-sensors of any optional type can be employed, for instance
thermo elements, semiconductor sensors, electrical resistance sensors or

the like.



20 According to a preferred exenplary enbodi nrent of the invention,
the sensor element features an essentially continuous recess which is
penetrated by the tube section through which the coolant or the

heati ng agent is conducted. By neans of this nmeasure, the cool ant or
the heating agent can be easily conducted’to the sensor el enent and
can cool or heat 25the sensor elenent. According to another exenplary
enbodi nent , Tiheensmbsorand snengemeyt bd\the arnessehimahisyars Bkywidd ke
shape and m%é COngeCt two tuhe sections %r ovi ded for the cooling or
heating fluPdSiSR!Y SRBHOPAhAPLIATY FHSaRHAM VRN hagHYE UPeH the ngmber,
embodi ment , ath SANGATaifd BBBNEN 88 tIBYBRo GRS AME &S . D3R RBIY, ﬁ%w%b&, at
cool ant or heating agent conduit, thereby enabling in 6 particular
good t her malleast st ggnyyetslenrens dasbsp ededhbntacngreowmisastiambehedt i ng
agent and thus rapid cooling or rapid heating of the sensor el enent
can be reali o) Lon he tube sections,to .the sensor

el enent %ank%gg%pggﬁsgrénﬂéagﬁ%ép%gﬂ%%’tl'?roar%ﬁg ?% RSP AP B8 cach feature
formfittingecanbéchiing midessoling zbnss aneerbin@dhesovie:pndtned

wel di ng, press-fitti nl% or,.the like. Preferabl )ﬁ/ the tube sections to
be connect eBXCHBWEVeFMLAIMERE 9 fdhgi 195ERTIAN, ahdFast paarersdse fmemt dp

external thpeafhsaRdnt é‘fclﬁh@@ﬂﬁglcirk@ooﬁﬁﬁpfgf)nglo@%ﬁi ﬁlt%éetsg cgl(r%bh%r. $hde

f.eatures internal threads being to co enentary in sha
function tothikevext provasststalkiddy. cafhbis detéreningddefsreeddhotinparathee zone

connect?ﬁ to Qne anat her hn 2 sinple manner in the type of known tube
sl eeve thr e3H8ACRPIREETT BRAMVET- i's of essential rel evance for the
invention that the tenperature prevailing in the process chanber or

the processTaenmoding BE the aeassr ¢hahanbera il todliHENGRArEQist i bevest
possi bl e extent by the cool_in? or heating of the sensor elenent. To
this end, iPeiferagdaim adasielly atdrazyoiaghtoranbhus.ne handd cul gaseouhe

i ough ¢ e p atae Eeyfiaohaing o PRe PR PR RAEH, of JFERRNE Bk
not enter timsatrndspleatePoéfcrhely, however, the coolant employed is
15 compressed air that can be directly or indirectly conducted to the sensor
element via at least one tube section of the cooling apparatus. In a
basically identical fashion, the sensor element can be heated, for
instance, by conducting a hot fluid, in particular a heating gas, through

the sensor element.

20 According to a preferred exemplary embodiment of the invention, the
sensor element features an essentially continuous recess which is
penetrated by the tube section through which the coolant or the heating
agent is conducted. By means of this measure, the coolant or the heating
agent can be casily conducted to the sensor element and can cool or heat

25 the sensor element.

According to another exemplary embodiment, the sensor element may
have an essentially sleeve-like shape and may connect two tube sections
provided for the cooling or heating fluid in a substantially fluid-tight
manner. In this embodiment, the sensor element as such constitutes a

30  part of the coolant or heating agent conduit, thereby enabling in



20 process chanber. According to a particularly preferred exenplary
enbodi mrent of the invention, all sensor elenents are thus connected
to one another by neans of the tube sections while formng a cooling
or heating system substantially closed with respect to the process
chanber. A particularly reliable and accut ate measurement of the
tenperature of 25the sensor elenent can be obtained if, according to
anot her prebertiedlaxengd dhgrnemtbodhnstertbafvechesdnnverlémbnt bheé coolant or
tenmperature nmeasuring .elepent is .dispgsed in the cladding of the

s| ggve-shapgﬁaggﬁs%g |%ﬂ{£ﬁ%‘}s [ 8t (ﬁbllﬁ 8f repid hppiiag g g sensor

essenti al | y eexshepdsah hePd{dc@l to the |ongitudinal axis of the
sl eeve. 7 Moreover, the invention relates to a nmethod for

determ ning _the thermal process stability in a device for thermally
treating worllsi exiErsction gadhe dubaseptions dd thierssuisor bbemdst oanthee |i ke

t hat are.equi | I | electroni ¢ _conponents. In.this
process,sthg%g%? p%ﬂeégsa%aggé{lgﬁ%?@I{fﬁﬁhgIhgeoés Orgﬁgﬁglﬁl&%%%ne(ﬁ?b er
in which at preasts, doe ihsaht adyosdkeegh e e nziong, weldargredeos- fititmRosedhe
a tenperature-control l ed gasequs fluid being introducible therein. In
his regar d,if?‘&t ?’F@&%ﬁa g}‘reg%ee?’r&tﬁs%!t&fb‘h{o brgommgs e, degweerr, ras s ack
t. - - -

di sposed 'ne&{ﬂ?pp%fd%@ﬁa%ii?Q%meéndd\@iﬁ%ﬁrextﬁﬁ% th?eé:cp?}{QQBEVsq%:é(v -lik
transferred between the workpi eces and 10 the tenperature-contro I'ed
fluid. The bevanttélemandtdidds cobfprissés fehmréolhtewhagtimeniod esheps:

Firstly, th | £ tivel ted in the atnpsph
of the P ocEQERLRRRHLISU Phedh 38R aetiPPah B cradk tiends, 1 hher the

which the sansoseqi@iEohn Vebssd@ddtalilty Qasah g e eaPLsAh P EMhnkeR8n the
at nosphere 15within the process chanber. Subsequently, repeated

cool i ng andt¥ia®f kgosfn tke skaeyerthstedeheonsegéetior med, wherein the
cooling is perforned at a substantially unchanged tenperature of the

process Chafm%r%ﬁggsetnrfﬁal% v ei?orpﬁlref@r@gioWﬂfa?r%?&fe}rﬁ%ég L Lhe

at nosphere of the process chanber or, 2 ternative edting
i s perfornepreataiinguinstlenpiadesy cbhnattangediHeepparedt Womeos f tHeppsaress
chanber and the cooling is g(grfogrrﬁd by convection in the atnpsphere
of the ptoctRdMRREAbERTuencedpdhe lamesy postible exprartavithe copliag of
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are conpared or the current 25 tenperature curve i s conp
r ef erence cegalant and, in particular, the compressed air used as a coolant or the

heating agent is conducted through the process chamber in a
substantially closed cycle and does not enter the atmosphere of the

20 process chamber. According to a particularly preferred exemplary
embodiment of the invéntion, all sensor elements are thus connected to
one another by means of the tube sections while forming a cooling or

heating system substantially closed with respect to the process chamber.

A particularly reliable and accurate measurement of the temperature of

25  the sensor element can be obtained if, according to another preferred
exemplary embodiment of the invention, the temperature measuring
element is disposed in the cladding of the sleeve-shaped sensor element,
in particular in a bore which essentially extends in parallel to the

longitudinal axis of the sleeve.



In this context, in particular on the basis of the change of
tenperature of the sensor elenment, a conclusion can be drawn as to
the process stability in the process chanmber. If, for instance, the
tenperature of the sensor el enent increas7es in successive heating or
cooling cycles in an identical 30manner, 1.e. in particular at the
sane rate, sufficient process stability is ensured. If the

t enper at ur e Morautss e e m v atcdeselatcs easemeflord fmstareeaiaing 8ha thermal

I t convection is deter.iorated. By neans.of detecting . such
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be described in nore detail with 5 reference to the drawngs

i | lustratinglesirigabee dgewphis yompsadintsnin, this prheesh, dhengsrkmieges pass
1shows ap i MY f sol derjn stemin.a schematic viewin

t he typegof ﬁgl%b écl)lcgt- Lﬁ?‘l&%%\g% rﬁ"g?s fg %%I%Serdﬁ vlvﬂ{/cglnﬁ te@r;gé’ﬁéeo]?eagf%ﬂﬁt
arrangenent cooliagrafdon IOsotderidigp Syst, emesh péladiird-0ofrir@llcl gaseous
conprising siXx _process zones in _an enl arg}gd view, Fig. 3shows a

t enper at ur el Wi Angdraindyrcitlecdsssin dondus irpgarh rtdeast pae 6pases of
a sensor el gflmRint 8 has a defined mass is disposed in the process chamber.

Moreover, heat is convectively transferred between the workpieces and
10 the temperature-controlled fluid. The inventive method comprises the

following method steps:

- Firstly, the sensor element is convectively heated in the atmosphere of
the process chamber until an equilibrium state is reached, in which the
sensor element substantially has the temperature of the atmosphere
15  within the process chamber.
- Subsequently, repeated cooling and heating of the sensor element is
performed, wherein the cooling is performed at a substantially
unchanged temperature of the process chamber and the heating is
performed by convection in the atmosphere of the process chamber or,
20 alternatively, the heating is performed at a substantially unchanged
temperature of the process chamber and the cooling is performed by
convection in the atmosphere of the process chamber.
- Subsequently, the temperature curves of the sensor element derived
from successive heating and cooling cycles are compared or the current

25 temperature curve is compared with a reference curve.

In this context, in particular on the basis of the change of temperature of
the sensor clement, a conclusion can be drawn as to the process stability
in the process chamber. If, for instance, the temperature of the sensor
element increases in successive heating or cooling cycles in an identical
30 manner, i.c. in particular at the same rate, sufficient process stability is

ensured. If the temperature in subsequent cycles increases for instance at



Fig. 4shows a controlling and adjustnment system of an inventive
15device in a schematic viewin the type of a block diagram The

refl ow sol dering systemillustrated in Fig. 1 has a process chanber 1
conprising a plurality of process zones, wherein only three process
zones thereof, i.e. a preheating zone 2, %.soldering zone 3 and a
cooling zone 4, are illustrated. The process zones are separated from
one anot her a20by esapbe,atdmecdia tede{onodraidd UBY rmtetk bére)scting such

i nstance partitioq mallslor.the ﬂike .?uch that tenperature

equal i zat i of*'BREVEUR® CHE! Br JELSENLORRETY 2ogPHRIE AP &P tatthan gngditesd
circuit boagdachsion e olhdes &ty aifconveyed through the device on a
conveying device in the formof a conveyor belt or conveyor 25 chain
device 5 in_such a manner that the process chanbers 2 to 4 are
successi vel Y1 pagdeliowige, the Anperidessvidbhe desspdet Wempre aketail exith
heati ng devj onveyi vice, b ans_of
whi ch The af resoher 47 S B e A A P L S TR P TR
the aid of blowers 9, 10, the thus heated process fluid, for instance
air or a prbtébeidvewgags: is 5 blown onto the printed circuit boards
6 using distribution nozzles 11, 12, resulting in that the printed
circuit boagds fre heg@ed or_ cool Jeast in Iheégéocess

d rein.at
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zone 3 int egTegion

prevails that is at |east islthght/by d¥ ABesckaangtdie, nel ting
tenperature of the utilized solder. The heat transfer fromthe

process 10f|luid to the printed circuit boards in this context is
subst ant i al Fi€-plr f or N0 VAABUGH c@bnretenson. elpm enh arai come iietnne aaflome

upper heating device ¢ d; Vey] j.ce 5 . yé wer,
heati ng device 8 and t%@ﬂkgﬁgg¥§%glg%%ﬂggg§&h é%ﬁ%ﬁﬁ?b@ﬁl,gPhpgggﬁs
process zone 2, 3 andzdnemin sensdargddendnt; 13 and

Fig. 3 shows a temperature-time diagram of successive heating and

cooling cycles of a sensor element; and

Fig. 4 shows a controlling and adjustment system of an inventive

15 _ device in a schematic view in the type of a block diagram.

The reflow soldering system illustrated in Fig. 1 has a process chamber 1
comprising a plurality of process zones, wherein only three process
zones thereof, i.e. a preheating zone 2, a soldering zone 3 and a cooling
zone 4, are illustrated. The process zones are separated from one another
20 by separating devices (not illustrated here), for instance partition walls
or the like, such that temperature equalization between the process zones

is prevented.

The printed circuit boards 6 to be soldered are conveyed through the
device on a conveying device in the form of a conveyor belt or conveyor
25 chain device 5 in such a manner that the process chambers 2 to 4 are

successively passed,



1514 is respectively arranged. The upper sensor elenents 13 and the

| ower sensor elenents 14 are each connected via tube sections 15 and
16 through which, where required, conpressed air is conducted through
t he sensor elenments. At both ends of the device, the tube sections
are led towards the outside and are connetted to a conpressed air
source (not 20illustrated here) at least in the inlet area 17, 18 of

t he preheat iBaghzpmeeds zbing. redpetliusty fiRtred 5QREMN gadARGEMENhbbie And
devi ce conprising, six process zones. The process zones 19 to 22 are
here consti PEIXY B PHBFIANE K5 2 ehcly sreansae i ngighibe aameseberespond

to process é‘?é‘@aﬁi i g}océrﬂezd}{eo eﬁéat%gf‘%i.tﬂ%h%”ﬂgz“f GRNSEI St £y,
refl ow sol dering zéhes and In this 2bregard correspon 0 process

zone 3 of Filge tlius Measolprqcessdiuisi, doriisstmde dioora puﬁecﬂ!ﬁecgty’sp%ﬁd
of the tube sections 26 and the, tube inlet sectiqn 27 as well as the
tube outf et PLOWR YHOIC %Et‘?CEBbYCWﬁ beadscq st ditpihwdtaegoesles 11, 12,

conpressed atdulSii GEtHAIOh el pliHELT 88r80i S Bls are heatfd ST AEQCEISrein

zone, provision is made for a sensor element 29. The 30sensor
el enents 292hteast dafthguriedcas zang|eaveh¢ irkeiomod f Bve pyinitadeirdvaybngrds

th h i . Herg, ensqr enent 2 in the,.10
oo one ohe | SULOE ey 7 S0 SR TEBhe P b B
internal thtaagefarote blflthstuiéli el berd). Mhleohariighndfe ftéanthdl psicdes

ends of the _tube sections 26, 27 and 28, which have a conpl enentary
“ext er nall0 t hflRad todhe RIEptaircrH beardspanihas coateytuisubisgitizlipe

system bein d iJeans of the sleeve-like sensor
el enents i sggﬁagﬁl\rl@dﬁﬁr?%ggug n‘%hl%i}q&r{l@conpressed air for cooling the

sensor el enments can be conduct ed.
In the region between the upper heating device 7 and the conveying

device 5 or the lower heating device 8 and the conveying device 5,
respectively, in each process zone 2, 3 and 4 one sensor element 13 and
15 14 is respectively arranged. The upper sensor elements 13 and the lower
sensor elements 14 are each connected via tube sections 15 and 16
through which, where required, compressed air is conducted through the
sensor elements. At both ends of the device, the tube sections are led
towards the outside and are connected to a compressed air source (not

20 illustrated here) at least in the inlet area 17, 18 of the preheating zone 2.

Fig. 2 illustrates a sensor arrangement in a device comprising six process
zones. The process zones 19 to 22 are here constituted by preheating
zones or heating zones and correspond to process zone 2 of Fig. 1. The
process zones 23 and 24 constitute reflow soldering zones and in this

25 regard correspond to process zone 3 of Fig. 1. Moreover, provision is
made for a tube 25 composed of the tube sections 26 and the tube inlet
section 27 as well as the tube outlet section 28. The tube inlet section is

connected to a compressed air source (not illustrated here).

In each process zone, provision is made for a sensor element 29, The
30 sensor clements 29 are configured as a sleeve-like hollow cylinder

having the shape of a tube section. Here, each sensor element 29, in the



In the region of the frontal sides 30, the sensor elenments 29 are
equi pped with a bore (not illustrated here) being fornmed in the

cl addi ng of the sensor elenent substantially in parallel to the

I ongi tudinal axis of the 10 sleeve. In this bore, one tenperature
neasuring el enent is respectively disposé® that serves for detecting
the tenperature of the sensor elenent. The tenperature neasuring

el ement, Whir€flionSoNBbth LbUkIAEEE cnld RO PG eWhith & FBAS UL iRGeAR
evaluation unit (not illustrated in Fig. 1) provided for the signa
of the tenpéirpedr@atadisiiaigd dcgabmtovivhientled éotntabalddd ped4531he Thiee

tenperature Lng ~el and the electrical line 31 are _
donti cal |y o RaroR B3 23 FE e, Iich A € o manBiaridhit shrond. are
a sensor el epmtedvild titie meseed, bed ub@rted nahiber s yaY e MEREIH c0fcre iR dURRekher
curve 32 of the diagramaccording to Fig. 3: At the point of time tl,
the sensdr BYVEREAES 98 theslee thiksr sansee of emenbiop bdpeddthos ghnshich

process { eMpehil&d Rirl fif ISAPRCIAY ScRLACERS AR Ean/ Ve SOHIL LA UM
state prevails. Starting fromt point of tine ti, the sensor
el enment is cooled by neans of conpressed air which is bl own through

the tube sebtithtigegrod vhehsdnmunl ef dasehld, tnt sdnsatr dlhmepos B0 afc d¢quipped

t2, once agai.n. an equilibriu tate is reached, |n i C e sepsor
25el ement ﬁ\gslﬁlr 3ac°r{gg(lni°tts}hlug%z?g#‘gﬁ%)emﬂtn&EOrS‘?eCLI%G ?ictél?%ﬂflp%ym{]@w
t enper at ur eséﬁsdﬂkﬂeﬁfﬁi‘ﬁ@ub@tzﬁf’fﬁﬂ‘l%iiﬁ RichBeNes thd 1en gt TASPNEINIS of the
tenperature in the process zone, however, remains basicall

unchangt®dl, slicq¥e. bh thifeborfe i mperaterfpmeesuring ¢leduud inoespettavely

t he process op, .t her. hand, the cool ed nasses of
e PLoccsRpIRSRIBLE oL on RS E 050U SO A, RS Bhens.
conpari son Thetthmp&irzmrefmbhlmrﬁ)ﬁgceﬂzsmeiio,naehichl(i;s nﬁt iltlhetrawdr,lltis Qfqulipped
t2, the supply of conpressed air is stopped and the sensor elenent is
convecti vel g’l%e%t”éﬁasdﬁﬂg e Gt“r?éubBPHtL}fBE({l?hﬂ_l‘ﬂ%iraﬁ_eﬁi_ yyFig. $hprovided
equi | i bri unqit @leesiBh Y diflthBYefp rirRh Pisi@in § efBmbht 2 163908 ical line
agai n.
J 15 31. The temperature measuring element and the electrical line 31 are

identically formed in all sensor elements.

The temperature profile of a sensor element will be described hereinafter

by means of the upper curve 32 of the diagram according to Fig. 3:

At the point of time t|, the sensor element 29 has a temperature that

20 corresponds to the process temperature in the respective process zone.
An equilibrium state prevails. Starting from the point of time t;, the
sensor element is cooled by means of compressed air which is blown
through the tube sections and the sensor element until at the point of
time t3, once again an equilibrium state is‘ reaéhed, in which the sensor

25  element has reached its lowest temperature or a sufficiently low
temperature of the sensor element is attained. The atmospheric
temperature in the process zone, however, remains basically unchanged,
since on the one hand the compressed air does not enter the process
atmosphere and on the other hand, the cooled masses of the tube sections

30 and sensor elements are relatively small in comparison to the size of the

process zone.



SThe cooling and reheating of the sensor elenment, as described above,
is now repeated for an arbitrary nunber of times during operation of
the process zone. In the diagramaccording to Fig. 3, with the aid of
curve 33, the tenperature profile of the sane sensor elenent is
illustrated in a subsequent cooling and Héating cycle. For the
purpose of sinplified 10representation, the curve 33 is illustrated
in a downvard theopdineto ff @t o thé shppEEPECONi e Y iB3% stoppedadrd Ve
- the absolute tenperatures in the region of the equilibriumstates at
the points 8fM{qnelemenyyisiqenvaosivgly hegted unstl adfthepoinghe fdimgrianin
rofiles arey i 3 . I : t

Eurves 32, gﬁhggggégﬁ%§bt e é%%%%%??%ﬁhg %@ggﬁgﬁ%ﬁ?§@f§@ﬁe‘§8?§?°%ﬁd
time t2 is mgwmimconpared, it is evident that the slope of curve 33 is
clearly shallower than the slope of curve 32. In other words, this

means t hat e convective heat. trapsfer in the cycle an whic urve,
33 is bagedfr%fssc%@?%% aPIﬁlal}'?l]teﬁéln@o?n’sgﬁ FW%e@FW%&n%?%@SFHLFHé‘%OW’ 18
precedi ng cychergfcated for 34. arbittary duedBei08f Bim dsh@ubaBVESdra b nddihe
t hus process 20i nstabil.i t%@can be easily detected. As is apparent in

particul ar PFRFASFiZPnes Int e diagramsaesiorgding sedder 3e|“éﬁb|ﬁbs 3@? oftrurve
i : t are _suppl.i e n, .
different pgecess t%ﬁP@ﬁeht?l%e %20512%%@ th¥&device rtefe_llemeortq is glsuéﬁ'lag%cb in a

eval uati on or’ contro are processe er e_ as (
above. Wt hsttheeqaiett afootlhigs arit dlcaaingoay@led Foonhe urpbbé ofisimplified

25addi ti on, i odji cal activation and deactivation of a switchin ]
vaFlveI 3%(?1[]0?4)1%%'5%?%“&61’&3%‘&@953 55 Hipgtrateds ﬁé’&“ﬁ%/w?f’égb{sogﬁeﬁl&séhon
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and term nat ed. The result of the cofparison of t enperature
profil es of regiesesSiheee@oiltsannnsgtatedattiol pontsyd] emeof; dthg’ sensod t; or

i i i it.3 jch, as a function
el ements 1s Suoﬁgtl e d 15 0 C%rl]é[:sr glre lij&lantlcaq wan the temperature
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increase of the two curves 32, 33 caused by the convection subsequent to

15 the point of time t; is now compared, it is evident that the slope of curve
33 is clearly shallower than the slope of curve 32. In other words, this
means that the convective heat transfer in the cycle on which curve 33 is
based, is worse than the convective heat transfer in the preceding cycle
of curve 32. Thus, a change of the convection and thus process

20 instability can be easily detected.

As is apparent in particular from Fig. 4, the signals of the sensor
clements of the different procesé zones of an inventive device are
supplied to an evaluation or control unit 34 and are processed there as
described above. With the aid of this evaluation and control unit, in

25 addition, periodical activation and deactivation of a switching valve 35
for supplying compressed air is performed by means of which the
periodical cooling process of the sensor elements is initiated and

terminated.

The result of the comparison of the temperature profiles of successive
30 heating and cooling cycles of the sensor elements is supplied to a main

control unit 36 which, as a function of the determined different



tenperature profiles, regulates for instance the heater and/or bl ower
of the respective process zones or else the throughput rate of the
conveying device for the printed circuit boards. 13 CLAIMS 1. Device
for thermally treating workpieces, in particular printed circuit
boards or the like that are equipped witR2electrical and el ectronic

5 conponents, conprising at |east one process chanber in which at

| east one heahpegrtate @ookiley Z@nates fo@IABGNCE (AR an W BlioW e of
tenperature-control |l ed gaseous fluid can be introduced into said )
heating or EROF$IREI0IFePTWMFSEAAMNEHE SIS KPrabeaughnyt taie afghetdanveying
heating or ' e k sferred particularly in a
10convectivgeggﬁﬂg?zgg}ﬂggﬂﬂ?ﬁgkﬂgfkééggﬁs and t he tenperature-
controlled fluid, and conprising at | east one tenperature neasuring
el enent di sposed in the process chanber, characterized by at

| east one sensor elenent that has a defined mass and is disposed in
15t he process chanber, such that heat is convectively transferred

bet ween the sensor elenment and the fluid, and an apparatus provided
for cooling and/or heating the sensor el enent, wherein the
tenperature of the sensor el enent can be neasured by the tenperature
measuring el enment. 202. Device according to claim1, characterized in
t hat



the tenperature nmeasuring elenment is disposed within or at the sensor
el ement. 3. Device according to claim2, 25characterized in that the
sensor elenent features a recess having the tenperature measuring

el enent di sposed therein. 14 4. Device according to any of clains 1
to 3, characterized in that the tenperatufe nmeasuring elenent is a

t herno-sensor. 5. Device according to any of clainms 1 to 4, _
Scharacterized in that at |east one sepgganvgl ement is disposed in
each process chanber. 6. Device according to any of clains 1 to 5,
characterized in that at | east one sensor elenent is disposed
I n each heating or cooling 10zone of each process chanber.

1. Device for thermally treating workpieces, in particular printed circuit

boards or the like that are equipped with electrical and electronic

5 components, comprising at least one process chamber in which at
least one heating or cooling zone is formed or disposed, wherein a
temperature-controlled gascous fluid can be introduced into said
heating or cooling zone, wherein the workpieces pass through the
heating or cooling zone and heat is transferred particularly in a

10 convective manner between the workpieces and the temperature-
controlled fluid, and comprising at least one temperature measuring
elemen;[ disposed in the process chamber,
characterized by
at least one sensor element that has a defined mass and is disposed in

15 the process chamber, such that heat is convectively transferred
between the sensor element and the fluid, and |
an apparatus provided for cooling and/or heating the sensor element,
wherein the temperature of the sensor element can be measured by

the temperature measuring element.

20 2. Device according to claim 1,
characterized in that
the temperature measuring element is disposed within or at the sensor

element.

3. Device according to claim 2,
25 characterized in that
the sensor element features a recess having the temperature

measuring element disposed therein.



7. Device according to any of clains 1 to 6, characterized in that

t he apparatus for cooling or heating the sensor elenment features at

| east one tube section through which the cooling fluid, in particular
15in the formof conpressed air, and the heating fluid can be
directly or indirectly conducted to the dénsor elenent. 8. Device
according to claim7, characterized in that t he sensor

el ement fealur gxc1aBe @2E6RAIn 10V a £ P A1HAHS 1T &FGSS Which is
20penetrated by the tube section.” 9. Device according to claim7,

characterized chardrderized inHdagensor el ement has an essentially
sl eeve-li ke sh nects two tupe section rovi ded for the
cool ing fluid @ﬁ%tfﬁﬂgeﬁﬁ{?@eﬁw% sigmp e ?u%%ﬁ%ﬁ??ﬁ%oﬂ ui d-ti ght
manner. 15 10. Device according to claim?9,
5. Device according to any of claims 1 to 4,
5 characterized in that

at least one sensor element is disposed in each process chamber,

6. Device according to any of claims 1 to 5,
characterized in that
at least one sensor element is disposed in each heating or cooling

10 zone of each process chamber.

7. Device according to any of claims 1 to 6,
characterized in that
the apparatus for cooling or heating the sensor element features at
least one tube section through which the cooling fluid, in particular
15 in the form of compressed air, and the heating fluid can be directly

or indirectly conducted to the sensor element.

8. Device according to claim 7,
characterized in that
the sensor element features an essentially continuous recess which is

20 penetrated by the tube section.

9. Device according to claim 7,
characterized in that
the sensor element has an essentially sleeve-like shape and connects
two tube sections provided for the cooling fluid and the heating fluid

25 in a substantially fluid-tight manner.



characterized in that the tube sections to be connected are each
equi pped with an external thread at their axial ends and the

sl eeve-li ke sensor elenent at its 5collar side is equipped with
internal threads being conplenentary in shape and function to the
external threads. 11. Device according tdany of clains 7 to 10,
characterized in that all sensor elenents are connected to one

anot her by mgamgevete tabgolfhubR sRGhi ons while formng a cooling and
heati ng system substantially closed wth respect to the process

chanber. 12. Debptastedeefidnri§ato any of clainms 7 to 11, characterized

in that th surin Lenment is disposed in the

cl addi ng of thgnél S e:é%%ﬁéﬁ%g@%eséeénnsrgerc‘%%‘?élﬁ%ﬁ??ﬁi%%gpfﬁ?é’mtgrani ?f(tﬁmal

bore which esseiteiadl dtythext epild dratspaiditheklded et HRelsengbt Ytimaht aXits

of the sleeve. 16 . . . o . :
5 collar side is equipped with internal threads being complementary in

shape and function to the external threads.

11. Device according to any of claims 7 to 10,
characterized in that
all sensor elements are connected to one another by means of the
10 tube sections while forming a cooling and heating system

substantially closed with respect to the process chamber.

12. Device according to any of claims 7 to 11,
characterized in that
the temperature measuring element is disposed in the cladding of the
15 sleeve-shaped sensor element, in particular in a bore which

essentially extends in parallel to the longitudinal axis of the sleeve.



1 3. Method for determning the thermal process stability in a device
for thermally treating workpieces, in particular printed circuit
boards or the like that are equi pped with electrical and el ectronic
conponent s, wherein the workpi eces pass through at | east one process
chanber in 5which at |east one heating orfcooling zone is formed or

di sposed, wherein a tenperature-controlled gaseous fluid can be

i ntroduced il6t dMsthiod fraaddtegmonimOtid tHerat g rodtss eaHili®PenLASPIce for
el ement that has a q fined mass i s dispgosed in the process chanber
and wher ei n hehf¢qia jﬁﬁ@%ﬂlﬁ%&vkﬂ%@& eR At i5 81 ek nE 1k Cifisukipb edlsls or

and the 10t erfp%@‘ii‘kfeeﬂﬁ@’htrécéiﬁﬁgé& Wit FOMRIdaS 9 %lgﬁé%gi#%%nents,

met hod steps of: convectivel ating the sensor e
at nospher e -of wherpimtles svaohandyers; passefheat ghllay least! o mg pacce Szedtdmiger in
erformed at a substantially

t he senspr el enent erein cooli.ng 15is

unchange _terrpg"r?"é?]ﬁraé §7St ARe E'FG@&%SO%%EBE 290G ReRr Ty P5 IprassAmed
by convection hnelbim atteRgRIeNAOfodth611PH 2GRS S AT an 9 1HERULRLIT S
performed at a_ substantially unchanged tenperature of the process

chanber and cobliPnipilshasdiinpreeobinecomvacttiloasi ane kenaomebphentetloft has
e Ooeas i SO D TRRL AL R P
conparing the isspecédtietly unshited Bopesal i€ wotkypeeddst dnd thef erence
curve. temperature-controlled fluid, comprising the following method steps
of:
- convectively heating the sensor element in the atmosphere of the
process chamber;
- repeatedly cooling and heating the sensor element, wherein cooling
15 is performed at a substantially unchanged temperature of the process
chamber and heating is performed by convection in the atmosphere of
the process chamber, or heating is pérformed at a substantially
unchanged temperature of the process chamber and coolihg is
performed by convection in the atmosphere of the process chamber;
20 - comparing the temperature curves of the sensor element derived

from successive heating and cooling ¢cycles or comparing the

respectively current temperature curve with a reference curve.



