
W/ERS-045-WO Boe/rie/mc 5 10 Device and method for thermally treating
workpieces in particular by convective heat transfer 15The 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 systems, in particular reflow
soldering systems, for printed circuit boards or other carriers that
are equipped with electrical or electronic components. 25In 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 elements, 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 below. The heat transfer to the printed circuit boards
is substantially performed in a convective manner and is in
particular contingent upon the temperature and the flow 5conditions
prevailing in the heated air. In order to realize a sufficient degree
of process stability and thus reliable and in particular reproducible
soldering results, the detection of 



the process parameters for controlling and adjusting the device is of
essential relevance. While this can be attained in a comparatively
easy manner for the temperature in the process chamber or process
zone, the convection conditions, such as flow conditions, are hard to
detect, in particular since known flowmeters or anemometers cannot be
utilized in process chambers of such high temperatures as are
encountered in reflow soldering processes. 15Starting from this state
of the art, it is an object of the present invention to suggest a
device for 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 a manner known per se 25comprises 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  3
through the heating or cooling zone, wherein heat is transferred in
particular in a convective manner between the workpieces and the
temperature-controlled fluid. In the process chamber, at least one
temperature measuring element is additionally provided. 5According to
the invention, at least one sensor element that has a defined mass is
provided and disposed in the process chamber, such that heat is
convectively transferred between the sensor element and the fluid. In
addition, according to the invention, provision is made for an
apparatus by means of which the sensor element can be cooled and/or
heated 10 relative to the temperature prevailing in the process
chamber. The temperature of the sensor element can be measured by the
temperature measuring element. 



Firstly, the arrangement of the sensor element that has a defined
mass in the process chamber means that the sensor element is
subjected to a 15convective heat transfer in the same way as the
workpieces to be treated. 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
25temperature 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 30curve with a reference curve,
conclusions as to the convection within the  4 process chamber can
thus be drawn. In particular, it can be established if the convection
remains stable or is changing in the course of the process.
Alternatively to the cooling of the sensor element, the sensor
element can also be heated with the aid of the apparatus until a
second 5equilibrium state of a higher temperature or a sufficiently
high temperature of the sensor element is reached, whereupon the
sensor element is convectively cooled until reaching the first
equilibrium state. On the basis of the temperature profile of the
temperature of the sensor element, in particular the decrease of the
temperature upon termination of the heating process, conclusions can
be drawn as to the convection. In other words, this means that the
faster the cooling of the sensor element, the better the convection. 



The way in which the temperature measuring element is arranged is
basically arbitrary, provided that a sufficiently accurate
measurement of  15 the temperature of the sensor element is
guaranteed. According to a preferred exemplary embodiment of the
invention, the temperature measuring 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
25sensor 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.  5  The number and
arrangement of the sensor elements are likewise basically optional
and are essentially contingent upon the number, arrangement and
design of the process chambers. Preferably, however, at least one
sensor element is disposed in each process chamber. 5If the process
chamber or the plurality of process chambers each feature several
heating and/or cooling zones, according to another preferred
exemplary embodiment of the invention, at least one sensor element is
disposed in each heating or cooling zone of each process chamber. In
this way, process stability can be determined for each temperature
zone 10 of each process chamber. The cooling of the sensor element
via the cooling apparatus can be performed in a basically arbitrary
fashion. Thus, a liquid or gaseous coolant may be sprayed onto or
else flushed around, for instance, the sensor element. Preferably,
however, the coolant employed is 15compressed 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 easily conducted to the sensor element and
can cool or heat 25the 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  6 particular
good thermal transfer between sensor element and coolant or heating
agent and thus rapid cooling or rapid heating of the sensor element
can be realized. The connection of the tube sections to the sensor
element can be 5 performed by any optional force-fitting or
form-fitting connection process, for instance by adhesive bonding,
welding, press-fitting or the like. Preferably, the tube sections to
be connected, however, are each equipped at their axial ends with an
external thread and the sleeve-like sensor element at its collar side
features internal threads being to complementary in shape and
function to the external threads. Thus, the tube sections can be
connected to one another in a simple manner in the type of known tube
sleeve threaded connections. It is of essential relevance for the
invention that the temperature prevailing in the process chamber or
the process zone of the process 15chamber is influenced to the lowest
possible extent by the cooling or heating of the sensor element. To
this end, it is advantageous if the coolant 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 invention, 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 25the 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.  7 Moreover, the invention relates to a method for
determining the thermal process stability in a device for thermally
treating workpieces, in particular printed circuit boards or the like
that are equipped with electrical or electronic components. In this
process, the workpieces pass 5 through at least one process chamber
in which at least one heating or cooling zone is formed or disposed,
a temperature-controlled gaseous fluid being introducible therein. In
this regard, at least one sensor element that 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 15within 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 element, 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 30manner, i.e. in particular at the
same rate, sufficient process stability is ensured. If the
temperature in subsequent cycles increases for instance at  8 a
slower rate, convection is deteriorated. By means of detecting such
temperature cycles, it is thus easily possible to obtain an indirect
conclusion as to the convection. In the following, the invention will
be described in more detail with 5 reference to the drawings
illustrating only one exemplary embodiment. In the drawings: Fig.
1shows an inventive reflow soldering system in a schematic view in
the type of a block-diagram; Fig. 2shows an inventive sensor element
arrangement in a reflow 10soldering system similar to Fig. 1
comprising six process zones in an enlarged view; Fig. 3shows a
temperature-time diagram of successive heating and cooling cycles of
a sensor element; and 



Fig. 4shows a controlling and adjustment system of an inventive
15device 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 20by 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.  9  Each process zone respectively features a
heating device 7, 8 above and below the conveying device, by means of
which the atmosphere prevailing in the process zone is heated. With
the aid of blowers 9, 10, the thus heated process fluid, for instance
air or a protective gas, is  5 blown onto the printed circuit boards
6 using distribution nozzles 11, 12, resulting in that the printed
circuit boards are heated or cooled, wherein at least in the process
zone 3 in the region of the printed circuit boards 6, a temperature
prevails that is at least slightly higher than the melting
temperature of the utilized solder. The heat transfer from the
process 10fluid to the printed circuit boards in this context is
substantially performed through convection. 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 



1514 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 20illustrated 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 25regard 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 30sensor
elements 29 are configured as a sleeve-like hollow cylinder having
the shape of a tube section. Here, each sensor element 29, in the  10
region of both collar-sided ends thereof, is equipped with an
internal thread (not illustrated here) into which the frontal-sided
ends of the tube sections 26, 27 and 28, which have a complementary
external thread, are screwed. In this manner, a fluid-tight tube
system being screwed together 5by means of the sleeve-like sensor
elements is obtained, through which compressed air for cooling the
sensor elements can be conducted. 



In the region of the frontal sides 30, the sensor elements 29 are
equipped with a bore (not illustrated here) being formed in the
cladding of the sensor element substantially in parallel to the
longitudinal axis of the  10 sleeve. In this bore, one temperature
measuring element is respectively disposed that serves for detecting
the temperature of the sensor element. The temperature measuring
element, which is not illustrated, is equipped with a measuring and
evaluation unit (not illustrated in Fig. 1) provided for the signal
of the temperature measuring element via an electrical line 1531. 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 tl,
the sensor element 29 has a temperature that 20corresponds to the
process temperature in the respective process zone. An equilibrium
state prevails. Starting from the point of time ti, 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
t2, once again an equilibrium state is reached, in which the sensor
25element 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 30and sensor elements are relatively small in
comparison to the size of the process zone.  11  At the point of time
t2, the supply of compressed air is stopped and the sensor element is
convectively heated until at the point of time t3, in turn, the
equilibrium state prevailing at the point of time ti is reached
again. 



5The cooling and reheating of the sensor element, as described above,
is now repeated for an arbitrary number of times during operation of
the process zone. In the diagram according to Fig. 3, with the aid of
curve 33, the temperature profile of the same sensor element is
illustrated in a subsequent cooling and heating cycle. For the
purpose of simplified 10representation, the curve 33 is illustrated
in a downwardly offset fashion with respect to curve 32. In reality,
the absolute temperatures in the region of the equilibrium states at
the points of time t1 or t1', t2 and t3 or t3' of the two diagram
profiles are identical. When the temperature increase of the two
curves 32, 33 caused by the convection subsequent to 15the point of
time t2 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 20instability can be easily detected. As is apparent in
particular from Fig. 4, the signals of the sensor elements of the
different process 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
25addition, 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  12 



temperature profiles, regulates for instance the heater and/or blower
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 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 gaseous 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
10convective manner between the workpieces and the temperature-
controlled fluid, and comprising at least one temperature measuring
element disposed in the process chamber, characterized by     at
least one sensor element that has a defined mass and is disposed in
15the 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. 202. 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, 25characterized in that the
sensor element features a recess having the temperature measuring
element disposed therein.  14 4. Device according to any of claims 1
to 3, characterized in that the temperature measuring element is a
thermo-sensor. 5. Device according to any of claims 1 to 4,
5characterized 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 10zone 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
15in 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
20penetrated 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 25in a substantially fluid-tight
manner.  15 10. Device according to claim 9, 



characterized in that the tube sections to be connected are each
equipped with an external thread at their axial ends and the
sleeve-like sensor element at its 5collar 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 10tube 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 15sleeve-shaped sensor element, in particular in a
bore which essentially extends in parallel to the longitudinal axis
of the sleeve.  16 



1 3. Method for determining the thermal process stability in a device
for thermally treating workpieces, in particular printed circuit
boards or the like that are equipped with electrical and electronic
components, wherein the workpieces pass through at least one process
chamber in 5which at least one heating or cooling zone is formed or
disposed, wherein a temperature-controlled gaseous fluid can be
introduced into said heating or cooling zone, at least one sensor
element that has a defined mass is disposed in the process chamber,
and wherein heat is convectively transferred between the workpieces
and the 10temperature-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 15is 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
performed at a substantially unchanged temperature of the process
chamber and cooling 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. 


