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(57) An enamelling oven (1) comprises a main
chamber (2) lengthwise passed through by a wire (3)
movable from an inlet opening (5) to an outlet opening
(6), and a recirculation duct (7) with which a suction fan
(10) is associated. A vacuum condition is established in
the main chamber (2) so that suction occurs both from
the inlet opening (5) and outlet opening (6). To this end
the recirculation duct (7) is comprised of an end section

Enamelling oven for wire materials

(9) of a converging configuration to generate a Venture
effect at the outlet opening (6). In an original manner, an
auxiliary channel (15) is also provided to withdraw hot
gasses from the recirculation duct (7) and send them to
the chamber (2) at an intermediate region between the
outlet opening (6) and the insersion section (16) of the
end section (9).
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Description

The present invention relates to an enamelling oven
for wire materials, in particular metal wires for magnetic
applications, of the type described in the preamble of
claim 1.

It is known that wires, such as copper or aluminium
wires for example, employed in the manufacture of
motor windings, transformers or coils for different uses
are generally produced by drawing and subsequent
covering with insulating material through a multi-layered
application process.

In this connection, enamelling plants are presently
employed which consist of several stations operating
immediately downstream of the drawing machine sup-
plying the wires adapted to undergo the necessary cov-
ering operations for insulation.

In more detail, the enamelling plants comprise a
first station, in which the insulating material is applied in
overlaying subsequent layers, a second station, sub-
stantially consisting of an enamelling oven arranged to
cause evaporation of the solvents contained in the
enamels and then carry out polymerization or cross-
linking of the enamels themselves, and a third station in
which cooling of the wire is carried out on its coming out
of the oven.

That being stated from a general point of view, the
structure of the enamelling ovens to which the present
invention particularly refers will be now examined in
more detail.

Presently, enamelling ovens of the traditional type
comprise a main chamber of elongated conformation
which is lengthwise passed through by one or more
wires movable from a chamber inlet opening to a cham-
ber outlet opening, in a given feed direction. The tradi-
tional ovens are also comprised of a recirculation duct
disposed adjacent to the main chamber and associated
therewith; said duct has an initial section located close
to the inlet opening and provided with a suction fan and
an end section, located close to the outlet opening and
having a converging configuration so as to produce, by
Venturi effect, an air intake from the outside through the
same outlet opening of the main chamber. In other
words, the recirculation duct and main chamber define a
closed circuit along which the fluid flow circulates in
countercurrent relative to the wire feeding direction.

It is to be noted that the different ducts in the oven
as well as the fan are conveniently shaped so as to
ensure, within the chamber, the existence of a constant
vacuum condition relative to the surrounding atmos-
phere in order to counteract the escape of toxic gases
from the inlet and outlet openings. In fact, insulating
enamels presently used to cover wires usually have a
solid content in the range of 25-40% by weight in the
case of polyesther imide (PEI) enamels and in the range
of 10-25% by weight in the case of polyurethane (PU)
enamels. Therefore, while passing through the main
chamber, wires must lose a great amount of solvents.
Said solvents are drawn into the recirculation duct and
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burnt, as they cannot be discharged to the surrounding
atmosphere. It should be finally noted that conventional
ovens, in order to be able to keep a steady vacuum con-
dition within the main chamber, ensuring suction of
external air both from the wire inlet opening and outlet
opening in compliance with the equation of the fluid
motion, are necessarily provided with an exhaust con-
duit commonly referred to as stack, which is placed
close to the recirculation duct douwnstream of the fan.
The exhaust conduit too is usually provided with a
related suction fan facilitating evacuation of part of the
gases produced from solvent combustion.

While the above described enamelling ovens have
been widely used in the art, they however have some
drawbacks from an operating point of view.

In particular, traditional ovens lack in versatility as
regards their capability of adjusting the cold air volume
drawn in from the main-chamber outlet opening. This
volume is in fact closely correlated with the vacuum cre-
ated, by the Venturi effect, by the end portion of a con-
verging configuration of the recirculation duct. In other
words, in order to ensure a good vacuum at the outlet
opening, so as to eliminate the possibility of gas
escapes to the outside, the occurrence of a strong Ven-
turi effect is necessary, which involves the suction of an
important air mass from the outside; said air gives rise
to a corresponding disadvantageous cooling of the main
chamber.

In addition to the above considerations, it is to note
that in traditional ovens, when one wishes to vary the
amount of air to be sucked depending on the different
enamel types to be processed, it is obviously possible to
act directly on the fan placed in the recirculation circuit.
However, this brings about a consequent variation in the
fluid flow rate processed by the oven in the unit time and
therefore a change in the performace offered by said
oven.

Alternatively, or in addition to the above solution,
enamelling ovens have been recently widely used in
which, close to the end portion of the recirculation duct,
shutoff members such as gate valves, guillotine valves,
or others are disposed, which shutoff members are
capable of enabling an adjustment of the air velocity at
the section where they are installed. While these solu-
tions enable the amount of air entering the outlet open-
ings of the main chamber to be adjusted, they however
give rise to a strong resistance increase in the recircula-
tion duct and therefore an increase in the static pres-
sure upstream of the shutoff member, which results in a
flow rate variation in the baking chamber. It should be
also pointed out that when the Venturi effect is greatly
limited there is always the risk that gas escapes from
the outlet opening may occur.

Under this situation, the main object of the present
invention is to substantially obviate all the above men-
tioned drawbacks.

In particular, it is a fundamental object of the inven-
tion to provide an enamelling oven in which the volume
of the air entering the outlet opening can be adjusted to
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the most precise degree, said adjustment being made
independent of the volume of the hot fluid recirculating
within the baking chamber.

Another object of the invention is to provide an oven
capable of adapting itself to the various operating
requirements and in particular the different require-
ments encountered when enamels of different physico-
chemical properties are to be handled.

Yet another object of the invention is to provide an
enamelling oven capable of carrying out adjustment of
the gases recirculating in the oven in a quick and effi-
cient manner, as well as in particular of the cold air
entering the outlet opening of the main chamber.

The foregoing and further objects that will become
more apparent in the following are substantially
achieved by an enamelling oven for wire material
according to the characterizing part of claim 1.

Further features and advantages will be best under-
stood from the detailed description of a preferred non-
exclusive embodiment of an enamelling oven for wire
material in accordance with the present invention.

Such a description is taken hereinafter by way of
non-limiting example with reference to the accompany-
ing drawing in which the only figure diagrammatically
shows an enamelling oven for wire material according to
the present invention.

With reference to the drawing, the enamelling oven
in question has been generally identified by reference
numeral 1. Oven 1 is interposed between a wire enam-
elling station in which insulating enamel is applied to the
wire or wires to be enamelled and which is located
upstream of oven 1, and a cooling station for the enam-
elled wire emerging front the oven, which station is
located downstream of the oven itself. These stations
are not shown in the figure and will not be further
described as they are not of importance to the ends of
the present invention.

The oven in question comprises at least one main
chamber 2 which is lengthwise passed through by at
least one movable wire 3 moving along a predetermined
feed direction identified by arrows 4. It should be noted
that usually the main chamber is simultaneously passed
through by several wire portions 3 disposed parallelly to
one another. It should be also noted that wire 3 is mov-
able from an inlet opening 5 formed at one end of the
main chamber 2 to an outlet opening 6 formed at the
other end of said chamber.

In a conventional manner, oven 1 is also comprised
of a recirculation duct generally denoted by 7, which has
an initial section 8 located close to the inlet opening 5
and in fluid communication with the main chamber 2.
The recirculation duct 7 also has an end section 9 which
is in fluid communication too with the main chamber 2
close to the outlet opening 6. In other words, as viewed
from the figure, the recirculation duct 7 extends adja-
cent to the main chamber 2 and defines a substantially
loop-shaped path therewith; in said path, due to the
ventilation means 10 and the geometrical conformation
of the different ducts, a gas flow is generated which at
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the main chamber 2 flows in countercurrent relative to
the feed direction of the wire 3 so as to facilitate disposal
of vapours from the solvent material and a heat
exchange with the wire itself.

The ventilation means 10 preferably comprises a
ventilation member or fan operating at the recirculation
duct immediately downstream of the initial section 8.

For the sake of completeness it should be pointed
out that at a centre section of the recirculation duct 7
provision is made for a first group of heating resistors
11, a catalytic plate 12 and optionally a second heating
resistor group 13 for a fine adjustment of the fluid tem-
perature.

An exhaust conduit or stack 14, only partly shown,
is also provided and it is arranged to discharge part of
the hot fluid resulting from combustion. It is to note that
the exhaust conduit 14 too is generally equipped with a
respective suction fan, not shown as known and con-
ventional.

In an original manner and in accordance with the
present invention, oven 1 also comprises an auxiliary
channel 15 having one end 15a communicating with the
recirculation duct 7 and a second end 15b communicat-
ing with the main chamber 2. In more detail, the first end
15a of duct 15 draws fluid from duct 7 preferably close
to the end section 9.

The second end 15b of channel 15, in turn, is con-
nected to the main chamber 2 preferably at an interme-
diate region thereof between the outlet opening 6 and
an insertion section 16 of the end section 9 into the
chamber 2.

As viewed from the drawing, the end section 9 of
duct 7 has a decreasing area in cross-section as it
moves close to the main chamber 2, so that an efficient
Venturi effect is achieved and, as a result, a vacuum is
created in the main chamber portion included between
the outlet opening 6 and said insertion section 16. To
this end, the end section 9 opens into the main chamber
2 in a direction substantially tangential to, or in any
event slightly inclined to the longitudinal extension
direction of the main chamber itself.

On the contrary, the auxiliary channel 15 has a
cross-section of substantially constant area and enters
the main chamber 2 at right angles thereto.

Preferably, but not necessarily, at the second end
15b of the auxiliary channel 15 provision is made for
flow adjusting means 17 comprising at least one valve
proportionally operable between a full-closure condition
and a full-opening condition so as to substantially offer
an infinite number of adjustment possibilities for the flow
circulating in the channel 15.

Operation of the enamelling oven 1 according to the
invention described above mainly as regards structure,
is as follows.

As shown in the drawing, the fan 10 operating in the
recirculation duct 7 causes an increase in the kinetic
energy of the flow made up of air and solvent vapours
(see arrows 20). Then said flow encounters the resistor
groups 11 and 13 and the catalytic plate 12 where it is
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fired. The hot flow goes on until it reaches the section of
the recirculation duct 7 where the exhaust conduit 14 is
provided. At said conduit, due to the presence of a
respective suction fan (not shown), part of the hot gases
are sucked out. The remaining and predominant portion
of the gases reaches the duct end section 9 and the
auxiliary recirculation channel 15. At this point, depend-
ing on the operating conditions of the adjustment valve
17, different technical effects to be better analyzed in
the following can be achieved,

In any case, the air flow passing through the end
section 9 creates a vacuum in the main chamber 2
causing external fresh air to be drawn in through the
outlet opening 6. As shown in the drawing, wire 3 moves
from the inlet opening 5 to the outlet opening 6 accord-
ing to the orientation shown by arrows 4, in countercur-
rent with respect to the gas flow running according to
the orientation shown by arrows 20.

Said gases pass through the whole main chamber
2 in which a vacuum condition relative to the external
environment constantly exists and they are then
recalled through the initial section 8 of the recirculation
duct.

It is to note that by virtue of the vacuum condition
existing within the chamber 2, suction of air from the
outside also takes place from the inlet opening 5.

Dealing now in greater detail with the fundamental
aspects of the present invention, it is pointed out that,
due to the presence of the auxiliary channel 15 provided
with the adjustment valve 17, a very precise, efficient
and quick control on the amount of air entering the
chamber from the outlet opening 6 can be carried out. In
this connection, it should be noted that positioning of the
adjustment valve in a closed condition causes the flow
donwnstream of the exhaust conduit 14 to be com-
pletely routed towards the end section 9 of duct 7 so as
to give rise to an important Venturi effect bringing about
a strong suction of fresh air from the outlet opening 6.

Conversely, assuming that the adjustment valve is
positioned in a fully-open condition, a predetermined
portion of the hot gas flow also passes through the aux-
iliary channel 15. Under this situation, the vacuum pro-
duced, due to the Venturi effect, by the end section 9 will
be only partly reduced as compared with the preceding
case, thereby achieving a good vacuum in the main
chamber portion between the insertion section 16 and
opening 6, and therefore without any risks that gases
will escape from said opening.

However, the suction effect riot only will produce
suction of external fresh air from the outlet opening 6,
but will also cause a recall of hot gases from the auxil-
iary channel 15. In other words, the portion of the main
chamber 2 included between the auxiliary channel 15
and end section 9 is passed through by a fluid the tem-
perature of which can be adjusted by opening or closing
the adjustment valve 17 to a greater or lesser degree,
because part of the fluid therein present comes from the
auxiliary channel 15.

In addition, note should be taken that, due to the
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channel 15 and valve 17, a fine and sudden adjustment
of the cold air volume drawn in from the outlet opening
6 can be carried out, without on the other hand causing
an important change in the flow rate of the baking
chamber, in that the flow resistances produced by the
adjustment valve are surely lower than in the known art
because the fluid velocity in channel 15 is greatly lower
than that in the end section 9.

The invention achieves important advantages.

In fact, thanks to the presence of the auxiliary chan-
nel 15, it is possible to adjust the volume of the air intro-
duced from the opening 6, independently of the amount
of the overall fluid processed in the oven. In addition, the
temperature in the main chamber portion included
between the channel 15 and end section 9 can be
adjusted too, so that the length of the efficient portion of
chamber 2 can be adapted by turns to the different
requirements, depending on the types of insulating
enamels used for covering the wire 3. In fact, it should
be noted that, depending on the typologies of the insu-
lating enamels used, the polymerization times can have
different durations. However, it is of the greatest impor-
tance that the wire on which the covering enamel has
already been completely polymerized should not stay
any longer at high temperatures, in that this situation
would surely damage the integrity of the insulating layer.
On the other hand, is it obvious that the insulating layer
must be properly polymerized before letting the wire
come out of the oven. Due to the presence of channel
15 and the related adjustment valve, oven 1 is capable
of adapting itself to any necessities as it can each time
carry out a temperature adjustment in a portion of the
main chamber 2, and of ensuring a great operating flex-
ibility.

Many modifications and variations can be made to
the invention as conceived, without departing from the
inventive idea characterizing it.

Claims
1. An enamelling oven for wire materials comprising:

- at least one main chamber (2) lengthwise
passed through by at least one movable wire
(3), along a predetermined feed direction, from
an inlet opening (5) to an outlet opening (6) of
the main chamber;

- at least one recirculation duct (7) having one
initial section (8) disposed in fluid communica-
tion with said main chamber (2) close to the
inlet opening (5) and one end section (9) dis-
posed in fluid communication with the main
chamber (2) close to the outlet opening (6);

- ventilation means (10) for generating in said
main chamber (2), an air flow in countercurrent
to said wire feeding direction (3),

characterized in that it further comprises an auxil-
iary channel (15) having one end (15a) communi-
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cating with said recirculation duct (7) and a second
end (15b) communicating with said main chamber

@).

An oven according to claim 1, characterized in that 5
the second end (15b) of the auxiliary channel (15)
opens into the main chamber (2) at an intermediate
region between said outlet opening (6) and end
section (9).

10
An oven according to claim 1, characterized in that
the first end (15a) of said auxiliary channel (15)
draws fluid from the recirculation duct (7) substan-
tially close to the end section (9) of said recircula-
tion duct. 15

An oven according to claim 1, characterized in that
said auxiliary channel (15) has a substantially con-
stant cross-section.

20
An oven according to claim 1, characterized in that
said second end (15b) of the auxiliary channel (15)
opens into said main chamber (2) in a direction sub-
stantially perpendicular to the longitudinal exten-
sion direction of the main chamber itself. 25

An oven according to claim 1, characterized in that
it further comprises flow-adjusting means (17)
operatively associated with said auxiliary channel
(15). 30

An oven according to claim 6, characterized in that
said adjusting means (17) comprises at least one
valve proportionally operable between a fully-
closed condition and a fully-open condition. 35

An oven according to claim 1, characterized in that
said end section (9) has an area in cross-section
that progressively decreases as it approaches said
main chamber (2). 40

An oven according to claim 1, characterized in that
said ventilation means (10) comprises a ventilation

member operating at said recirculation duct (7).
45
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