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zones and cooled gas is introduced into intended zones by opening associated valves. Alternatively, cooled gas paths can be provided
to only predetermined zones where cooled gas introduction is desired.
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TITLE OF THE INVENTION
CONVECTION FURNACE THERMAL PROFILE ENHANCEMENT

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims priority under 35 U.S.C. §119(e) to
provisional patent application serial number 60/413,879 filed
September 26, 2002, the disclosure of which is hereby incorporated

by reference.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT
N/A

BACKGROUND OF THE INVENTION

Multizone convection furnaces are employed for a variety of
thermal processing applications such as reflow soldering of
components on a printed circuit board and sintering of ceramic
multilayer circuits or other ceramic objects. Convection furnaces
by their nature move very large volumes of gas in a recirculating
path within independently thermally controlled =zones. It is
difficult to prevent the mixing of gas between adjacent zones that
are operating at different temperatures. The gas in the higher
temperafure zone tends to move to the adjacent lower temperature
zone causing the temperature in the lower temperature =zone to
become hotter than intended. As a result, the specified
temperature profile is difficult to maintain and requires more

critical adjustment in an effort to maintain the intended profile.

BRIEF SUMMARY OF THE INVENTION
In accordance with the present invention, a multizone

convection furnace is provided in which gas from a cooling chamber
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of the furnace is directed into one or more heat =zones of the
furnace for the purpose of providing a specified thermal profile.
The gas introduced from the cooling chamber into the one or more
heat zones is of the same type of gas present in the heat =zones,
and typically is nitrogen. The introduction of cooled gas from
the cooling chamber of the furnace to one or more of the heat
zones minimizes the tendency of the heat zones to overheat above
an intended temperature level and maintains the temperature of the
one or more heat zones within an intended thermal specification.
In a preferred embodiment, the convection furnace comprises
a heating chamber composed of a plurality of adjacent heat zones
and a cooling chamber at the exit end of the heating chamber. A
conveyer extends through the furnace for movement of a product
through the heat zones and cooling chamber of - the furnace. BEach
of the heat zones includes a heating assembly for providing heated
gas to the product. In one embodiment heated gas impinges on both
the top and bottom of the product. In an alternative
implementation, heated gas is caused to impinge on only the top or
bottom of the product. Each of the heating assemblies includes an
electrical heater disposed within a plenum, and a blower motor
driving an impeller within the plenum which causes flow of heated
gas through orifices of a orifice plate from which heated gas
impinges onto the product. The assemblies can be of identical or
similar construction and can be of modular form to be easily
removable for repair or replacement. Each of +the heating
assemblies is independently controllable to produce an intended
thermal profile along the length of the multiple zones of the
furnace. The cooling chamber is coupled to one or more of the
heat zones such that cooled gas from the cooling chamber can be
introduced into selected heat zones. In one version, a cooled gas
path is provided to all of the heat =zones and cooled gas is

introduced into intended zones by opening associated valves.
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Alternatively, cooled gas paths can be provided to only

predetermined zones where cooled gas introduction is desired.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

The invention will be more fully understood from the
following detailed description taken in conjunction with the
accompanying drawings in which:

Fig. 1 is a diagrammatic side view of a multizone convection
furnace in accordance with the invention;

Fig. 2 1s a pictorial view of portions of a multizone
furnace showing the cooling gas paths;

Fig. 3 is a bottom view of a multizone furnace having the
cooling gas paths of Fig. 2;

Fig. 4 is a plot of an exemplary thermal profile across the
length of the furnace zones;

Fig. 5 is a diagrammatic view of the invention showing one
valve arrangement;

Fig. 6 1is a diagrammatic view of the invention showing
another valve arrangement;

Fig. 7 is a pictorial view of a plenum box used in the
multizone convection furnace; and

Fig. 8 is a pictorial view of a blower assembly used in the

multizone convection furnace.

DETAILED DESCRIPTION OF THE INVENTION

Referring to Fig. 1 there is shown a multizone convection
furnace 10 which, in the i1llustrated embodiment, has a six zone
heating chamber. Each of the zones includes upper and lower
heating assemblies 12 for directing heated gas onto a product 14
which i1s transported through the furnace by a conveyor 16. A
cooling chamber 18 is located at the exit end of the heating
chamber and through which the conveyer 16 extends for movement of

the product from the heat zones through the cooling chamber and
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thence out of the furnace exit. The cooling chamber 18, which may
have one or more separately controllable zones, is coupled to each
of the heat zones via piping 20 and valves 22. Each of the wvalves
22 1s disposed within a respective branch of piping 20 connected
to a respective zone. The valves can be of a type to open or
close the gas path and can be of a type to control the amount of
flow in the path. Cooled gas from the cooling chamber 18 can be
selectively provided to any one or more of the heat zones by
opening of the corresponding valves for the intended zones. The
gas 1is typically nitrogen, which is the same gas as employed in
the heat zones of the furnace for convection heating of the
product.

In alternative embodiments, cooled gas paths can be provided
to only selected heat zones where cooled gas introduction. is
desired. ©No valves are necessary to shut off the gas paths since
cooled gas is applied to only predetermined ones of the heat
zones. Control valves may be employed to adjust gas flow, as will
be described below. Referring to Fig. 2 there is shown the
heating assemblies 12 for three zones, each of which is connected
to a cooled gas pipe 13 having its inlet 15 coupled to the cooling
chamber 18. Fig. 3 shows a bottom view of the multizone furnace
and illustrating the three heating assemblies 12 coupled for
receipt of cooling gas.

The cooling gas 1s introduced into selected zones in
sufficient wvolume to maintain an intended thermal profile. A
typical thermal profile is illustrated in Fig. 4. It is evident
that the temperature of the product moving through the furnace
ramps up during a preheat interval to an intended temperature
level, often termed the soak cycle, and is held steady at that
temperature level through several =zones and thereafter the
temperature rises to a higher level, often called the spike cycle,
and then decreases as the product travels through the cooling

chamber and exits the furnace. As is well known, the temperature
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profile can be configured to suit the processing requirements for
particular products. The volume of the cooling gas provided to
the selected heat zones can be determined by the sizing of the
piping to provide the intended volume, or alternatively can be
determined by control of the flow rate using one or more valves.
One valve arrangement is shown in Fig. 5 in which a control valve
23 1s provided in piping 20 to control the flow of cooled gas to
the selected zones. Another valve arrangement is shown in Fig. 6
wherein a separate control valve 22 is provided in each branch of
the piping which leads to respective ones of the selected zones.

The introduction of cooled gas from the cooling chamber of
the furnace to one or more of the heat =zones minimizes the
tendency of the heat zones to overheat above an intended
temperature level and maintains the temperature of the one or more
heat zones within an intended thermal specification.

Each of the heating assemblies are preferably of modular
construction so that they can be easily removable for repair or
replacement. The furnace and the heating assemblies can be as
described in U.S. Patent 6,394,794 of the Assignee of this
invention. Each heating assembly 12 includes a plenum box 30 and
a blower assembly 32. The plenum box is shown in Fig. 7. The box
includes one or more orifice plates 34 having an array of openings
through which jets of gas impinge on the product on the conveyer.
An electrical heater 33 (Fig. 1) is contained within the plenum
box such that gas passes over the heater to be heated to a desired
temperature and then through the openings in the orifice plate for
impingement onto the product. A plurality of plenum boxes are
integrally mounted within the furnace case above and/or below the
product depending wupon the furnace configuration. In the
embodiment of Fig. 1, plenum boxes are part of the upper and lower
heating assemblies disposed in the heat =zones of the heating

chamber. A similar plenum box can be used in the cooling chamber
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for providing jets of cooled gas to the product on the conveyer.
For use in the cooling chamber, no heater is needed.

The blower assembly 32 is shown in Fig. 8. The Dblower
assembly is sealed to the associated plenum box and produces high
pressure within the box and low pressure outside the box to cause
gas to flow through the orifice plate and to circulate within the
chamber. The blower assembly is a field replaceable unit which is
easy to install and remove for repair or replacement. The blower
assembly contains a blower motor 36 mounted to a plate 38 and
having a gasket or other seal to prevent atmospheric leakage. A
fan housing 40 containing an impeller extends into the plenum box
through an opening in the box, as can be seen in Fig. 3. The fan
housing includes a gas intake 41 for drawing gas from the furnace
chamber for recirculation through the plenum box and orifice plate
onto the product. A duct 43 couples to the cooled gas piping 20
for introduction of cooled gas into the plenum box for mixing with
the heated gas therein. A gasket or other seal between the blower
assembly and the plenum box is provided to provide a gas tight
seal between the plenum box and blower assembly. Details of the
construction and operation of the blower assembly are described in
the aforesaid U.S. Patent 6,394,794.

The draw of the plenum box of the heating assemblies in the
applicable heat zones causes movement of the cooling gas from the
cooling chamber to the selected heat zones. If additional gas
propulsion is needed a blower can be provided in the cooling gas
path, as illustrated for example by blower 21 in Fig. 5.

The convection furnace will typically include features which
themselves are known in the art such as entrance and exit
vestibules, flux collection apparatus and controllers for
temperature and gas. A

The invention is not to be limited by what has been
particularly shown and described and is intended to encompass the

spirit and full scope of the appended claims.
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CLAIMS
What is claimed is:
1. A convection furnace comprising:

a heating chamber having a plurality of heat zones, each of
the heat zones having at least one heating assembly for providing
heated gas to a product conveyed through the furnace;

a conveyor for conveying a product through the furnace;

a cooling chamber at the exit end of the heating chamber
having at least one cooling assembly for providing cooled gas to a
product conveyed through the cooling chamber; and

a gas path from the cooling chamber to at least one of the
heat zones of the furnace chamber for introducing cooled gas from
the cooling chamber into the at least one of the heat zones of the
heating chamber, the volume of cooled gas introduced into the at
least one of the heat zones being such to provide an intended

temperature in the at least one of ‘the heat zones.

2. The convection furnace of claim 1 wherein the gas path is
coupled from the cooling chamber to a plurality of the heat zones

of the furnace chamber.

3. The convection furnace of claim 2 wherein each gas path to
the plurality of heat zones includes a valve having an open
position to allow introduction of cooled gas into the associated
heat zone and a closed position to inhibit the introduction of

cooled gas into the associated heat zone.

4. The convection furnace of claim 1 wherein the gas path is
coupled from the cooling chamber to all of the heat zones of the

furnace chamber, and wherein the gas path includes valve apparatus
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operative to selectively introduce cooled gas into one or more of

the heat zones.

5. The convection furnace of claim 1 wherein each of the
heating assemblies includes a plenum box having an orifice plate
containing an array of openings from which jets of heated gas
impinge on the product, and a blower assembly for producing high
pressure within the plenum box to cause heated gas to flow through

the orifice plate.

6. The convection furnace of claim 5 wherein each of the plenum
boxes 1is of modular construction to be mounted adjacent like

orifice boxes across the length of the heating chamber.

7. The convection furnace of claim 6 wherein each of the blower
assemblies are modular and removably mounted to a respective

plenum box.

8. The convection furnace of claim 1 wherein the plurality of
heat zones each includes a heating assembly above and below the

conveyor.

9. The convection furnace of claim 1 wherein cooled gas is
caused to flow from the cooling chamber into the at least one of

the heat zones in a volume determined by the size of the gas path.

10. The convection furnace of claim 1 wherein cooled gas 1is
caused to flow from the cooling chamber into the at least one of
the heat zones in a volume determined by valve apparatus in the

gas path.
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11. The convection furnace of claim 1 including a blower in the
gas path and operative to move cooled gas from the cooling chamber

into the at least one of the heat zones of the heating chamber.

12. The convection furnace of claim 1 wherein the cooled gas is
moved from the cooling chamber into the at least one of the heat
zones of the heating chamber by a draw from the at least one

heating assembly.

13. A convection furnace comprising:

a heating chamber having a plurality of heat zones, each of
the heat zones having at least one heating assembly for providing
heated gas to a product conveyed through the furnace;

a conveyor for conveying the product through the furnace;

a cooling chamber at the exit end of the heating chamber
having at least one cooling assembly for providing cooled gas to a
product conveyed through the cooling chamber;

the cooling chamber coupled to one or more of the heating
assemblies by a gas path through which cooled gas is introduced
from the cooling chamber into one or more of the heat zones at a
volume to provide an intended temperature in the one or more heat

zones.

14. The convection furnace of claim 13 wherein the cooled gas is
moved from the cooling chamber into the one or more of the heat
zones of the heating chamber by a draw from the heating

assemblies.

15. The convection furnace of claim 13 wherein the cooling
chamber is coupled to the heating assemblies of a plurality of the

heat zones.
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16. The convection furnace of claim 15 wherein the gas path from
the cooling chamber to the heat zones includes valve apparatus for

controlling the flow of cooled gas into the heat zones.

17. The convection furnace of claim 16 wherein the valve
apparatus includes a control valve in the gas path operative to

control the flow into all of the heat zones receiving cooled gas.

18. The convection furnace of claim 16 wherein the valve
apparatus includes a control valve in the gas path to each of the
heat zones receiving cooled gas for control of the flow of cooled

gas therein.

-10-
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