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Description

Background of the Invention

This invention relates to a vertical continuous
annealing furnace and its operating method par-
ticularly suited for annealing strips of such special
steels as stainless steel.

The conventional tower-type continuous anne-
aling furnace calls for hearth rollers to guide the
vertical path of strip running up and down. These
hearth rollers are able to withstand a temperature
of 650°C to 720°C with which plain carbon steel
strips are treated. In a higher temperature range
between 800°C and 1000°C in which stainless steel
strips are annealed, however, there arises a prob-
lem of scale buildup on the surface of the hearth
rolls which might, in turn, produce surface defects
on the strip threaded thereover. For this reason,
stainless steel strips have been treated in hori-
zontal tunnel-type furnaces, ranging between 10
m and 18 in length.

In an attempt to offer a way out there was
proposed a vertical continuous annealing furnace
suited for the annealing of stainless and other
similar steel strip in JP—A—53—135 808. This
prior invention is characterized by providing a slit-
like opening in the furnace-top cover, through
which strip is continuously fed into the furnace to
form a catenary-like freely hanging loop to which
annealing heat is applied. This furnace has no
strip-guiding hearth rollers at all. In other words, a
vertical furnace without hearth rollers was the
main point of this prior invention.

However, this prior invention was not without
problems. When the line stops, strip is held within
the furnace in the freely looped state mentioned
before, getting oxidized by an oxidizing atmos-
phere resulting from the rapid heating of strip
and, thereby, giving rise to steel loss and quality
trouble. To avoid this, the freely looped strip,
while the line is at a standstill, should preferably
be lifted and horizontally hung over the charging
and discharging pinch rolls. Yet, this cannot be
achieved without opening the furnace-top cover,
which means that the furnace inside is exposed to
the outside air. This exposure will cause a heavy
heat loss and, in serious cases, the spalling of
furnace walls as a result of rapid cooling from a
higher temperature level.

The above prior invention gave no particular
specification as to the arrangement of heating
burners. The description of its preferred embodi-
ments states simply that heating burners are dis-
posed inside the furnace. The attached drawings
show the burners disposed in a single vertical row
on each side of a vertical partition wall hanging
down from the furnace top. Later experiments,
however, have shown that this burner arrange-
ment is not satisfactory.

With the vertical partition wall mentioned
above, integral with the furnace top cover, the
furnace according to the prior invention is divided
into two sections, the entry and delivery sides
being thermally cut off from each other.

However, when the furnace is used for soaking
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heated strip, both the furnace and strip tempera-
tures are in many cases substantially the same on
either side of the partition wall. In such cases,
there is no need to eliminate the mutual thermal
effect of strip betwéden the entry and delivery
sides. Rather, the heat buildup by the partition
wall leads to a heat loss and a damaging of the
furnace’s unit heat consumption.

Having enough space inside and, therefore,
receiving no pressure from the piece charged
therein, vertical continuous annealing furnaces
need no strength to withstand any such pressure.
Also, their walls should cause as little heat buil-
dup as possible so that their heating pattern may
be switched quickly as the type of steel treated
changes. For these reasons, it was thought prefer-
able that the furnace wall refractories possess
both high thermal resistance and good heat-
insulating properties, so ceramic fiber came into
popular use. Later again, it was found that the
strip traveling through the furnace often hits and
damages the furnace walls of ceramic fiber while
weaving in a loop or upon falling as a result of
breaking.

In the vertical annealing furnaces that have no
strip-guiding hearth rollers in the bottom, strip is
allowed to turn upward freely drawing a loop,
making it necessary to keep the lower end of the
free loop at a substantially steady level.

It is also necessary to give special consideration
to the emission of combustion gas so that as
much uniform heating as possible may be
achieved through a further enhancement of the
furnace’s thermal efficiency.

Where stainless or other special steel is in-
volved, special consjderation must be given also
to cooling means, since attaining the aimed-for
metallurgical structure in such steels calls for
more delicate and subtle adjustments than in the
case of plain carbon steel.

Where a great treating capacity is required, two
or more furnaces must be installed in series since
the capacity of one furnace is limited. Such a
series arrangement facilitates accelerating the
strip treating speed, increasing the production
capacity, and applying various heating patterns.
Meanwhile it is essential to prevent the escape of
heat from the strip traveling from one furnace to
another to avoid the waste of energy and mini-
mize the effect of heat loss on steel quality.

Summary of the Invention

This invention has been made to solve the
aforementioned problems with the conventional
vertical continuous annealing furnaces.

An object of this invention is to provide a
vertical continuous annealing furnace that does
not permit any excessive emission of heat or
development of spalling on the furnace walls
even when the furnace is opened when the strip
manufacturing line stops and that permits quick
charging and discharging of the strips.

The vertical continueus annealing furnace
according to the invention is capable of uniformly
heating strips with high thermal efficiency, and its
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walls have high thermal resistance and good
heat-insulating properties and are protected
against the damage that might be caused by the
strip. Furthermore the annealing furnace is cap-
able of cooling heated strip exactly to the desired
temperature.

According to the invention an arrangement of a
plurality of vertical continuous annealing fur-
naces is provided in order to offer a still higher
production capacity and a greater variety of heat-
ing patterns.

The vertical continuous annealing furnace
according to this invention has two furnace cov-
ers at its top, vertically spaced away from each
other. Each cover is laterally slidable with respect
to the furnace proper, and provided with two slots
through which strip is passed. There is a relatively
small pre-chamber between the first cover above
and the second cover below. The space below the
second cover constitutes a heating chamber. Be-
low the second cover is provided a partition wall
that extends to near the furnace bottom to divide
the heating chamber into a heating zone and a
soaking zone. The heating chamber has a plurality
of burners and combustion gas exhaust ports.

Strip is inserted from an opening in the furnace
top in such a manner as to surround the partition
wall, or in a catenary-like form. In feeding strip
into the hot-heated furnace, it is first inserted into
the prechamber to form a small loop therein, with
the upper first cover opened and the lower
second cover closed. Then, the first cover is
closed and the second cover opened to allow the
loop of strip to descend to near the furnace
bottom. When the loop of strip has been lowered
into position, the second cover is closed.

To take out the heated strip out of the turned-off
furnace, the above procedure is reversed.

With the vertical continuous annealing furnace
of this invention, as evident from the above, strip
can be charged and discharged without exposing
the heating chamber to the outside air. This pre-
vents the escape into the atmosphere of the heat
retained by the walls of the heating chamber and
their damage by spalling.

Other objects, features and advantages of this
invention will become apparent from the foilow-
ing detailed description together with the accom-
panying drawings.

Brief Description of the Drawings

Fig. 1 is a cross-sectional view showing a
vertical continuous annealing furnace embodying
the principle of this invention.

Fig. 2 is a perspective view showing the top
section of the furnace proper illustrated in Fig. 1.

Fig. 3 is a horizontal cross section of the furnace
proper illustrated in Fig. 1.

Fig. 4 is a horizontal cross section of the furnace
proper to illustrate the location of burners.

Fig. 5 is a horizontal cross section of the furnace
proper to illustrate the location of combustion gas
exhaust ports.

Fig. 6 is a graph schematically showing the
relationships among the temperatures of the
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strip, heating zone and soaking zones in the
furnace.

Fig. 7 is a vertical cross section showing
another embodiment of this invention.

Fig. 8 is a vertical cross section showing
another example of the furnace cover.

Fig. 9 is a cross sectional view taken along the
line A—A in Fig. 8.

Fig. 10 is a vertical cross section showing still
another embodiment of this invention.

Fig. 11 is a vertical cross section of the furnace
proper to illustrate the structure of the furnac
walls. :

Fig. 12 is a partial cross section of the furnace
wall. .

Figs. 13 and 14 are partial perspective views
showing different furnace wall structures.

Fig. 156 is a system diagram showing an
example of a cooling device provided on the
delivery side of the vertical continuous annealing
furnace.

Fig. 16 is a flow chart showing the process of
operation én the control unit of the cooling device
itlustrated in Fig. 15.

Fig. 17 is a cross-sectional view showing a plu-
rality of vertical continuous annealing furnaces
disposed in series.

Fig. 18 is a cross-sectional view showing an
example of a holding cover connecting two adja-
cent vertical continuous annealing furnaces dis-
posed in series.

Fig. 19 is a cross section taken along the line
B—B of Fig. 18.

Detailed Description of the Invention

Structure of the Furnace

As shown in Figs. 1 and 2, the furnace body or
furnace proper 11, rectangular in horizontal cross
section, has a furnace mouth 12 in its top that
opens upward. Through this furnace mouth 12,
strip 1 is inserted from above into the furnace in a
catenary-like form.

On top of the furnace proper 11 is placed a first
furnace cover 21, which is laterally slidable in the
direction of the width of the strip 1 inserted in the

furnace, in such a manner as to close the furnace

mouth 12. More specifically, a pair of laterally
extending rails 22 are laid, spaced longitudinally
{or in the direction perpendicular to both sides),
near the top of the furnace proper 11. The furnace
cover 21 is fastened to the side of a bogie 23
mounted on the rail 22. The bogie 23 is laterally
driven by a hydraulic cylinder 24 connected to
one end thereof.

The first furnace cover 21 is provided with a pair
of long narrow openings 25 and 26 which, being
spaced away from each other in the longitudinal
direction of the furnace, extend laterally from the
side opposite to the one on which the hydraulic
cylinder 24 is situated. These long narrow open-
ings 25 and 26 are slightly longer than the width
of the strip 1 and sufficiently wider than its thick-
ness. The space between the two openings 25 and
26 is equal to the space between the descending
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portion 2 and ascending portion 3 of the strip 1.

A pair of laterally extending water-seal grooves
28 are provided along the edges of the furnace
mouth 12 at the top of the furnace proper 11. A
pair of seal edges 29, which project toward and
extend along the water-seal grooves 28, are pro-
vided on the under surface of the first furnace
cover 21. With the seal edge 29 put in the water-
seal groove 28 filled with water, a seal is kept
between the furnace proper 11 and the first
furnace cover 21. This seal is by no means limited
to water seal; sand seal can serve the purpose, as
well.

An open-close sealing device 31 is provided on
the top surface of the first furnace cover 21,
adjacent to each of the long narrow openings 25
and 26. This open-close sealing device 31 com-
prises a sealing mechanism 32 that closes the
openings 25 and 26 and a pneumatic cylinder 33
that moves back and forth the sealing mechanism
32 perpendicular to the surface of the strip 1. The
sealing mechanism 32 comprises a pair of sealing
surfaces of ceramic fiber, which hold the strip 1
therebetween, and air seal. By this means, the
sealing mechanism 32 forms a slit-like charging
port 34 and discharging port 35 which close the
long narrow openings 25 and 26, respectively.

A lateral opening 14 is provided in the wall 13 of
the furnace proper 11 on the side on which the
hydraulic cylinder 24 is installed. In this opening
14 is inserted a laterally slidably second furnace
cover 41. The space between the second furnace
cover 41 and the first furnace cover 21 constitutes
a pre-chamber 15 of the furnace. Like the first
furnace cover 21, the second furnace cover 41
also is fastened to a bogie 43 running over rails
42, A hydraulic drive cylinder 44 is connected to
the bogie 43. The second furnace cover 41 also
has long narrow openings 45 and 46. The second
furnace cover 41 separates the pre-chamber 15
from the lower portion of the furnace proper 11
which constitutes a heating chamber 16.

On the under surface of the second furnace
cover 41, midway between the long narrow open-
ings 45 and 46, there is provided a vertical
partition 47 that extends to near the bottom of the
furnace, so that the second furnace cover 41 is T-
shaped in vertical cross section. The partition 47
divides the heating furnace into the front and rear
sections, as shown in Fig. 3. One of the side walls
13 of the furnace proper 11 is formed into a
laterally projecting receding chamber 17 that
accommodates the receding partition 47.

Each of the upper and lower surfaces of the
second furnace cover 41 has a water-seal groove
48 and a seal edge 49. A matching seal edge 50
and water-seal groove 51 are provided in such
positions of the furnace proper 11 that corre-
spond to the water-seal groove 48 and seal edge
49, respectively.

A number of burners 55 are provided on the
side walls of the heating chamber 16. The burners
55 are arranged in two vertical lines, one line on
each side of the strip 1, with the burners 55 in one
line horizontally staggered with respect to those
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in the other line, on the side walls in each of the
heating zone 16a and socaking zone 16b divided by
the partition 47. in a set of burners 55 provided at
substantially the same level on the side walls 13,
the burners 55a and 55b, and the burners 55¢ and
55d, are diagonally symmetrical to each other,
with the strip 1 standing midway therebetween,
with each of the paired burners being positioned
at substantially the same distance from the front
and rear surface of the strip 1. The vertical
distance between the individual burners 55 is
determined according to the heating speed and
soaking temperature of the strip 1.

With the heating burners 55 arranged as de-
scribed above, flames circulatingly flow about the
strip 1, like a whirlwind spinning around in a
sheath-like squashed cylindrical form. The bur-
ners 55 may also be arranged in such a manner
that the direction of the whirlwind is reversed in
the heating and soaking zones.

In each of the heating zones 16a and soaking
zone 16b, combustion gas exhaust ports 57 are
provided above the heating burners 55 or close to
the top of the side walls 13, as shown in Fig. 1. A
combustion gas exhaust port 57a provided in the
side wall 13a is opposite to another exhaust port
57b in the side wall 13b, as shown in Fig. 5. These
exhaust ports lead to the subsequent unit (such as
a heat exchanger) through a piping 59 containing
a damper 58.

In the pre-chamber 15 of the furnace proper 11,
as shown in Fig. 1, vertically spaced light emitters
61 and 62 are provided on one of the front and
rear walls 18, and light receivers 63 and 64 on the
opposite wall 18. Similarly, vertically spaced light
emitters 65 and 66 are provided on one of the
front and rear walils 18 close to the bottom of the
heating chamber 16, and light receivers 67 and 68 ~
on the opposite wall 18.

Deflector pinch roils 71 and 72 are provided
where the charging and discharging ports open,
respectively, in the top of the furnace proper. A
laterally movabile upper bogie 75 is disposed
between these deflector pinch rolls 71 and 72 and
the first furnace cover 21. Paired guide rollers 76
and 77 are mounted on the charging and dis-
charging sides of the upper bogie 75. The strip 1 is
held and guided between the paired guide rollers
76 and 77 whose openings are adjustable. The
guide rollers 76 may be fixed to a stand because
they need not move with the bogie. The main
object of the guide rollers 76 and 77 is to center
the strip 1 so that it passes, without a hitch,
through the slits 25 and 26 in the furnace cover 21.
Their openings may be greater than the strip
thickness to leave a clearance between the strip
and rollers since they do not have to be in
constant contact with the strip during operation.

Operation of the Furnace

First, the method of charging strip in the fur-
nace will be described by reference to Fig. 1. At
the beginning, the furnace proper 11 is closed
with the first furnace cover 21 and the second
furnace cover 41. The strip 1 is fed from the left in
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Fig. 1 and hung over the charging and dis-
charging side deflector pinch rolls 71 and 72. With
its leading end pinched by the discharging side
deflector pinch rolls 72, the strip 1 is allowed to
hang down to form a free loop. As the lower end
of the free loop approaches the guide rollers 76
and 77, the inner guide rollers 77 are moved
inward. Then the upper bogie 75 is operated to
bring the guide rollers 76 and 77 out of the path
along which the strip runs. The first furnace cover
21 also is moved outside the path line. With the
second furnace cover 41 in closing position, how-
ever, the high-temperature atmosphere in the
heating chamber 16 is not exposed to the outside
air.

The free loop 4 of the strip 1 is further de-
scended into the pre-chamber 15 until the lower
end b of the loop reaches a point below the upper
detector 63 and above the lower detector 64 in the
lower part of the pre-chamber 15. When the free
loop 4 reaches the position illustrated in Fig. 1, the
upper detector 63 no longer receives light where-
as the lower detector 64 is still on, thereby telling
the exact position of the lower end 5 of the free
loop 4.

With the guide rollers 76 and 77 in their opened
position, the upper bogie 75 is returned on to the
strip path line. Then, the guide rollers 76 and 77
are set to the pre-determined ciearance to center
the strip 1 so as to insure its smooth admission in
the charging and discharging slits 35 and 36.
Then, the bogie 23 carrying the first furnace cover
21 is moved back on to the strip path line to close
the top opening of the pre-chamber 15. The
sealing mechanism 32, which remained open
while the bogie 23 is out of place, seais the atmos-
phere inside the pre-chamber 15 when the bogie
23 has returned to its in-line position. The space
between the furnace proper 11 and the first
furnace cover 21 is kept airtight by means of the
water-seal groove 28 and seal edge 29.

In this state, the second furnace cover 41 is slid
out of the strip path line to open the top of the
heating chamber 16. After the strip 1 has been
lowered to form the loop 6 illustrated in Fig. 1, the
second furnace cover 41 is returned to its original
position. By this means, the strip 1 can be fed into
the heating chamber 16 to form the free loop 6
without causing any heat loss and spalling of the
furnace walis in the heating chamber 16.

As done when charging the strip 1 in the pre-
chamber 15, the lower end 7 of the free loop 6 is
ascertained by means of the light emitters 65 and
66 and light receivers 67 and 68.

The following describes how the strip thus
charged is continuously annealed.

Carried horizontally from the left in Fig. 1, the
strip 1 is perpendicularly turned by the charging
side deflector pinch rolls 71, and fed into the
furnace below at an appropriate speed. The
charging side guide rollers 76 hold and guide the
strip 1 to descend through the slit-like charging
port 35 that is kept airtight by means of the open-
close ceramic fiber and air seal. The strip 1 goes
down through the long narrow opening 25 in the
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first furnace cover 21 into the airtight pre-
chamber 15, then further down into the heating
chamber 16 through the long narrow opening 45
in the second furnace cover 41 that constitutes the
ceiling of the heating chamber 16. Then, the strip
1 turns upward in such a manner as to skirt round
the partition 47 hanging down, like the letter T,
from the under surface of the second furnace
cover 41, to divide the heating chamber 16,
describing the free loop 6. After being quickly and
appropriately heated and annealed by the heat
applied from the burners 55 and discharged
through the exhaust ports 57, the strip 1 re-enters
the pre-chamber 15 through the long narrow
opening 46 in the second furnace cover 41, going
further up to above the furnace through the long
narrow opening 26 in the first furnace cover 21
and the siit-like discharging port 36. The dis-
charging side guide rollers 76 hold and guide the
strip 1 to the outside of the furnace. The dis-

-charging side deflector pinch rolis 72 turn the up-

coming strip 1 to run horizontaily, and deliver it to
the right in Fig. 1 at an appropriate speed.

With the heating chamber having no hearth
rollers, as evident from the above, it is unneces-
sary to set the upper limit of the furnace tempera-
ture, which might otherwise be needed to prevent
the deterioration of the hearth roliers. This per-
mits annealing stainless steel strip at such a high
temperature as over 950°C. Since the strip being
heated is not cooled by the contact with the
hearth rollers, in addition, the temperature of the
strip 1 rises quickly and uniformly through its
entirety. Freedom from the hearth-rollers-induced
heat loss and surface defects, caused by the scale
built up on the surface of the hearth rollers, is a
great advantage.

The position of the lower end 7 of the free loop
being continuously annealed also is controlied by
the signals from the light emitters 65 and 66 and
light receivers 67 and 68.

The level of the lower end 7 of the strip loop is
controlled so that the light emitted from the light
emitter 65, being intercepted by the strip loop 6, is
always not received by the light receiver 67. This
means that the lower end 7 of the strip loop 6
always rests between the light emitter 65 and
light receiver 67. In other words, the lower end 7
of the strip loop 6 stays below the light emitter 65
and light receiver 67.

Then, the lever of the fower end 7 of the strip
loop is controlled so that the light emitted from
the light emitter 66 is always received by the light
receiver 68. This means that there exists no inter-
cepting object in the path of light at this level. In
other words, the lower end 7 of the strip loop 6
stays above the light emitter 66 and light receiver
68.

According to the signals emitted by these de-
tecting means, the amount of strip fed by the
charging side deflector pinch rolls 71 or taken up
by the discharging side deflector pinch rolls 72 is
adjusted to maintain the lower end 7 of the free
strip loop at a substantially steady level, thereby
permitting a substantially constant {ength of strip
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to be held invariably in the heating chamber.

By adjusting the space between these two sets
of detecting means, the lower end of the strip
loop can be controlled with a desired precision.

If one or more sets of detectors are interposed
between these two sets, the lower end of the strip
loop can be controlled with a still greater accu-
racy.

Heated to such a high temperature as 800 to
1000°C, the strip 1 partially loses its rigidity and
grows soft in the heating chamber 16, thus draw-
ing a free loop 6 similar to a substantially perfect
catenary curve, under the influence of gravity. If
the heating burners were disposed vertically and
parallel to the walls of the heating chamber, some
of the burners would fail to bring flames close
enough to the looped strip 1 to give adequate
heating, whereas other burners would damage
the strip 1 with directly impinging flames.

According to this invention, meanwhile, the
strip 1 is uniformly heated by the flames that
swing around the strip like a whirlwind circulating
in a sheath-like squashed cylindrical form.

As stated previously, a number of heating
burners 55 are provided on both sides of the strip
loop 6 in the heating zone 16a and soaking zone
16b of the heating chamber 16. After circulating
through the furnace, flames are discharged
through a plurality (four in the embodiment illus-
trated) of combustion gas discharging ports 57.

This arrangement permits flames to flow equal-
ly throughout the entire width of the strip 1, both
on the inside and outside of the strip loop 6,
thereby heating all parts of the strip 1 uniformly.
This allows applying an optimum heating cycle,
depending upon the variation in the annealing
temperature according to the quality of strip steel,
variation in the heating time according to the
changes in the conveyor line speed, and so on.

Fig. 6 is a graph showing the relationship
between the temperature of strip and the time
elapsed after its charging in the furnace. With a
heating cycle a, the temperature difference b
between the heating zone 16a and soaking zone
16b is small, with the stream of combustion gas
making little temperature interference, when the
line speed is low. Therefore, sending the com-
bustion gas around the lower end of the partition
47 to assist the soaking operation in the soaking
zone 16b is advantageous from the standpoint of
energy saving and annealing temperature con-
trol.

Even with the same heating cycle, however,
there arises a large temperature difference ¢
between the heating zone 16a and soaking zone
16b as the line speed increases. If the high-
temperature combustion gas in the heating zone
16a is sent to the soaking zone 16b, the tempera-
ture in the lower section of the soaking zone 16b
becomes too high, even if no fuel is burned in the
soaking zone 16b, to attain the desired annealing
temperature. In such cases, the desired end is
achieved by passing the combustion gas from the
soaking zone 16b to the heating zone 16a. This is
the reason why the combustion gas exhaust ports
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57 are provided not only in the upper part of the
soaking zone 16b but also in the upper part of the
heating zone 16a.

If the combustion gas exhaust ports 57 are pro-
vided only on one side of the furnace, like the port
57a in Fig. 5, the stream of flames in the furnace -
would become unbalanced, failing to give uni-
form heating across the width of the strip 1.
Therefore, at least one exhaust port is provided
on each side of the furnace.

To heat all parts of the furnace to the same
desired temperature, a damper 58 is provided to
each of the combustion gas exhaust ports 57 so
that the flow of flames inside the furnace can be
adjusted by opening and closing the damper 58.

The following paragraphs describe the con-
dition of the furnace while the annealing line is
stopped or shut down.

Because of the need to quickly heat the strip 1
to a high temperature, the heating chamber 16 is
filled with an oxidizing atmosphere at high tem-
perature. If the strip 1 stops running in such an
atmosphere, it will immediately become ex-
tremely hot and oxidized and, consequently, have
to be cropped off. The principal feature of this
invention lies in that the vertical continuous anne-
aling furnace according to it is capable of avoid-
ing such difficulty. According to this invention,
the bogie 43 carries the second furnace cover 41
outside the path line, bringing the partition 47 into
the receding chamber 17 shown in Figs. 2 and 3
while allowing the strip 1 to stay in its original
position. When the second furnace cover 41 has
fully receded to allow the heating chamber 16 to
communicate with the pre-chamber 15 to form a
single hollow space, the deflector pinch rolls 71 or
72 are actuated to raise the lower end 4 of the
strip loop to a point indicated by a broken line in
Fig. 1. Then, the bogie 43 carrying the second
furnace cover 41 is returned onto the path line to
bring the partition 47 out of the receding chamber
17 back to its original position. By doing this
operation quickly, the lower end 7 of the strip loop
6 can be raised from the heating chamber 16 to
the pre-chamber 15 in an extremely short time.
The clearances between the first furnace cover 21,
front and rear walls 18 and second furnace cover
41 are sealed at three levels by means of the
water-seal grooves 28, 48 and 51, etc. Therefore,
the atmosphere of the heating chamber 16 does
not flow into the pre-chamber 15. With the heat
radiated from the walls of the heating chamber 16
cut off by the second furnace cover 41, the strip
loop in the pre-chamber 15 is protected from the
oxidization and heating by the oxidizing atmos-
phere and radiant heat in the heating chamber 186.
All this contributes to the principal advantage of
this invention that the strip 1 remains undamaged
even when the annealing lines is stopped or shut
down.

When a whole lot of strip 1 has been annealed,
the strip loop 6 can be discharged out of the
heating chamber 16 by reversing the above-
described procedure.
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Other Embodiments of the Furnace

Some other structures of the furnace will be
described in the following by reference to respec-
tive drawings, in which similar parts are desig-
nated by the same reference numerals that are
used in Fig. 1. For the purpose of simplicity, the
pre-chamber and its associated systems are omit-
ted in Figs. 10, 11, 15, 17 and 18.

In an annealing furnace of the type illustrated in
Fig. 1, the furnace proper 11 is divided by the
partition 47 into the heating zone 16a and the
soaking zone 16b. In the pre-chamber 15, radia-
tive heat transfer takes place between the low-
temperature strip just charged and the high-
temperature strip that is about to be discharged,
‘cooling the strip on the discharging side to
unnecessarily low temperatures. In an embodi-
ment that follows, the first furnace cover is pro-
vided with a vertically hanging partition to
separate the pre-chamber into two zones to mini-
mize the heat exchange between the incoming
and outgoing strip.

As shown in Fig. 7, a pre-chamber partition 82
hangs down from substantially the center of the

first furnace cover 81 mounted on the top of the

pre-chamber 15. When the furnace proper 11 fails
or other necessity arises, the strip is raised out of
the heating and soaking chambers to a position
indicated by a broken line in the figure. The pre-
chamber partition 82 has the greatest length
allowable within the range that it does not inter-
fere with the strip in the aforementioned raised
position.

Because of this structure, this embodiment is
particularly useful in applications in which strip of
stainless or other special steel is annealed at a
temperature of 800°C to 1,000°C and then
quenched from a temperature of 750°C to 800°C.
With the vertical continuous annealing furnace,
the cooling zone is usually provided where the
strip coming out of the furnace traveis hori-
zontally. Placing the cooling zone above the fur-
nace could create various troubles such as the
leakage of cooling water. If the aforesaid radiative
heat transfer takes piace between the incoming
and outgoing strip in the pre-chamber 15 shown
in Fig. 7, the temperature of the outgoing strip
becomes too low to maintain the temperature at
which quenching is scheduled to start. Dividing
the pre-chamber 15 by the pre-chamber partition
82 prevents such undesirable temperature drop
and, thereby, assures the attainment of the de-
sired quality.

Dividing the pre-chamber 15 also permits utiliz-
ing the pre-chamber 15 as part of the soaking
zone, which, in turn, enables reducing the height
of the entire furnace.

With the vertical continuous annealing furnaces
described so far, the furnace cover or covers must
be changed from time to time, depending upon
the kind of application or whether the intended
annealing operation needs, or need not, the parti-
tion. Or otherwise, even such annealing as essen-
tially can dispense with the partition is forced to
be implemented with the partition in position,

10

15

20

25

30

35

40

45

50

55

60

65

with a resulting worsening in unit heat consump-
tion. Another embodiment described below com-
prises a furnace cover provided with a long
narrow opening that can be moved in and out of
the path line and a guide device to bring a
hanging partition to below the furnace cover. The
partition, adapted to be reciprocated by the guide
device, is brought to the center of the path line
when the intended annealing operation requires
it, and taken outside the path line when it is
unnecessary.

As shown in Figs. 8 and 9, the second furnace
cover 85 has a horizontal chamber 86 at the center
thereof and a slit-like opening 87 that connects
t'he chamber 86 to the heating chamber 16.

The top 89 of the partition 88, which divides the
heating chamber 16 into the heating zone 16a and
soaking zone 16b, is admitted in the chamber 86
through the opening 87. By means of guide rollers
90 attached to both sides of the top 89, the
partition 88 is hung from the projections 91 in the
furnace cover 85 in a laterally movable manner.
To the rear end of the partition 88 is connected a
hydraulic cylinder 92 fastened on the furnace
cover 85. Driven by the hydraulic cylinder 92 and
guided by the projections 91, the partition 88
moves back and forth, receding, as required, into
the receding chamber 17 provided on one side of
the furnace proper 11.

“When the .intended annealing calls for
thermally separating the entry side from the exit
side, the partition 88 is taken out of the chamber
86 in the furnace cover 85 and brought to the
center of the path line as shown in Fig. 9, by
means of the guide rollers 90 and drive cylinder
92. When no such need exists, the partition 88 is
moved to the right in Fig. 9 until it retreats into the
receding chamber 17.

When there arises the need to stop annealing
and empty the furnace, the furnace top can be
easily opened by moving the furnace cover 85
and partition 88 jointly from the central position
shown in Fig. 9 to the receding position by use of
transfer rollers 93 and a drive unit not shown. -

The furnace structure just described assures
compactness, good workability, and highly effi-
cient annealing.

An embodiment shown in Fig. 10 has a plurality
of furnace covers so that the length of the furnace
walls is variable as required. This embodiment
permits controlling the temperature of the strip
being annealed, thereby allowing effective utiliza-
tion of heat energy and establishing the desired
heating pattern.

As shown, the furnace mouth 101 is covered
with a first furnace cover 103. A second furnace
cover 108 divides the furnace proper 11 into the
upper and lower sections at a level substantially
equal to one-half the height of the furnace proper
11. Like those described heretofore, the furnace
covers 103 and 108 are provided with long narrow
openings 104, 105, 109 and 110, and partitions
106 and 111, and are laterally reciprocatable.

With this arrangement, this embodiment can
offer various heating cycles and service con-

5
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ditions according to the kind of strip and produc-
tion capacity required.

When a plurality of vertical continuous anneal-
ing furnaces, disposed in series, are used for
carrying out annealing with a heating cycle in
which heating time is equal to soaking time, the
furnace in front can be used as a heating zone and
the furnace at the rear as a soaking zone. In this
case, the furnace functioning as the heating zone
needs a partition to cut off the thermal influence
between the incoming and outgoing strip. Serv-
ing as the soaking zone, meanwhile, the rear
furnace needs only short partitions 106 and 111 or
no partitions at all. In the latter case, the second
furnace cover 108 and the integral partition 111,
shown in Fig. 10, are moved out of the path line to
provide an undivided space within the furnace.

When it is desired to lower the production rate
and make the soaking time considerably longer
than the heating time, the partition in the front
furnace is shortened, with the partition of the rear
furnace withdrawn in the receding chamber (not
shown). '

Evidently, this embodiment offers a great
advantage allowing various types of annealing
under different conditions. Fig. 10 shows an
embodiment with two furnace covers, and still
greater advantage can be derived if more furnace
covers are provided.

Figs. 11 through 14 show different structures of
the furnace wall. Since the furnace is holiow and
no pressure is applied thereon by the strip
charged, the furnace wall is not required to have
strength to withstand any great pressure. On the
other hand, the furnace wall should hold as little
heat as possible to permit quick changes of
heating pattern according to the type of steel
treated. So the furnace wall refractories should
preferably have a high thermal resistance and a
high heat-insulating property. Ceramic fiber is a
good example. Yet, the furnace walls of fragile
ceramic fiber can be damaged by the strip that
falls upon breaking or strikes while traveling in
the form of a free loop. So the furnace walls must
be protected against such damages.

In an embodiment shown in Figs. 11 and 12, the
furnace wall 115 is lined with ceramic fiber 116,
with a number of small square-pillar-iike refrac-
tory bricks 117 implanted. These refractory bricks
117 are spalling-proof. In Fig. 11 the second
furnace cover is omitted for reasons of simpli-
fication only.

Fig. 13 shows an embodiment in which the
square-pillar-like refractory bricks 117 are mixed
with a horizontal plate-like refractory brick 118.
Fig. 14 shows an embodiment in which only
vertical plate-like refractory bricks 119 are used.

The cross-sectional area per piece and the
number of the spalling-proof refractory bricks
117, 118 and 119 implanted on the furnace walls
115 must be held to a minimum within the
reasonable limit. This is because the heat-insulat-
ing property of the spalling-proof refractory bricks
117, 118 and 119 is lower than that of the ceramic
fiber 116. The greater, therefore, the area
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occupied by the spaliing-proof refractory bricks,
the greater will be the heat loss. On the other
hand, if the number of bricks is reduced exces-
sively to leave overmuch spaces therebetween, it
becomes no longer possible to prevent the con-
tact of the weaving strip 1 with the ceramic fiber
116. Preferably, therefore, each furnace wall 115
should have two vertical rows of bricks, each row
comprising ten-odd bricks. Even if the bricks are
arranged in a horizontally or vertically close-
packed row, one next to another, the same effect
can be achieved as when they are separated from
each other.

With this arrangement, the free loop 6 of the
strip 1 is at all times kept out of contact with the
fragile ceramic fiber 116 even when it comes in
contact with the furnace wall 115 on being pushed
by the stream of flames in the heating chamber 16
or as a result of changes in the path line caused by
the thermal deformation of the strip itself, the
weaving of the free loop 6 owing to various
causes, and so on. Supported by the square-
pillar-like refractory bricks 117, horizontal plate-
like refractory bricks 118 or vertical plate-like
refractory bricks 119, the free loop 6 of the strip 1
does nothing more than running over the surface
of such bricks, without deforming or damaging
the ceramic fiber 116. The reason why the bricks
with particularly high spalling-proofness are
chosen is that the projected part of the refractory
bricks 117 and so on has experimentally proved to
be vulnerable to thermal spalling.

Cooling Control on Exit Side

The strip coming out of the annealing furnace
retains an extremely high temperature. Stainless
and other special steels must attain, after cooling,
more delicate metal structures than plain carbon
steel. All this demands that special consideration
must be given to their cooling means.

A device described below permits applying
cooling according, as required, to the type of
steel, thickness of strip, and the kind of metal
structure desired, by detecting the temperature of
the outside atmosphere, the temperature and
travel speed of the strip on the exit side of a
vertical continuous annealing furnace. This cool-
ing device, provided on the exit side of the con-
tinuous annealing furnace, predicts the tempera-
ture and cooling rate in each section of the strip,
and then controls the operation, or, more speci-
fically, the zone and quantity of water spray
where water is used as the cooling medium, in the
following cooling zone.

As shown in Fig. 15, a radiation pyrometer 122
to measure the surface temperature of the strip 1
is provided on the exit side of a vertical con-
tinuous annealing furnace 121. In the furnace 121
of Fig. 15, the second furnace cover is omitted
only for reasons of simplification. A thermometer
123 to measure the temperature of the outside
atmosphere is provided above the furnace 121. A
line-speed detector 124 follows the exit-side de-
flector pinch rolls 72.

A cooling device 125, which follows the line-
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speed detector 124, is equipped with cooling
water sprays 126 disposed in four stages along
the path line. Each stage consists of paired sprays
126, one placed above the other, to apply cooling
water from above and below the strip 1.

Each cooling water spray 126 is coupled to an
on-off valve 127, to the operating part thereof is
supplied the compressed air from an air source
129 through a solenoid valve 128. Each on-off
valve 127 is connected to a pressurized cooling
water supply 132 by way of a total flow-rate
detector 130 and a total flow-rate regulating vaive
131.

To an arithmetic unit 133 that determines the
operating section in the cooling zone and controls
the total flow rate of cooling water is connected
the radiation pyrometer 122, outside atmosphere
thermometer 123, line-speed detector 124, and
total flow-rate rate detector 130. To this arithmetic
control unit 133 is aiso connected a device that
sets the type of steel, thickness of strip, and kind
of metal structure desired.

The solenoid valve 128 is actuated by the
signals sent from the arithmetic control unit 133.
The signals from the arithmetic control unit 133
are also inputted into the total flow-rate regulat-
ing valve 131 through a controller 135. The
signals from the total flow-rate detector 130 are
fed back to the controller 135.

Now the operation of this device will be de-
scribed.

The radiation pyrometer 122 measures the ex-
act temperature of the strip 1 coming out of the
annealing furnace 121 and supplies the obtained
temperature information to the arithmetic control
unit 133. At the same time, the line-speed detector
124 at the deflector pinch rolls 72 detects the
travel speed of the strip 1 and supplies the
obtained line-speed information to the arithmetic
control unit 133. Also, the temperature of the
atmosphere around the exit end of the annealing
furnace is measured by the outside atmosphere
thermometer 123 and inputted in the arithmetic
control unit 133.

Based on the information thus supplied, the
arithmetic control unit 133 controls the cooling
device 125. More specifically, the arithmetic con-
trol unit 133 determines the number and section
of the cooling water sprays 126 that_ must be put
into operation as weil as the quantities of water to
be sprayed in each section and the whole cooling
zone.

Based on the result of this arithmetic calcu-
lation, the on-off valve 127 and solenoid valve 128
connected to each cooling water spray 126 are
actuated. The total flow-rate detector 130 grasps
the flow rate that changes from moment to
moment. If there arises any discrepancy between
the flow rate thus measured and the result of
calculation made by the control unit 133, cor-
rection signal is sent through the total flow-rate
controller 135 to the total flow-rate regulating
valve 131 to control the actual flow rate.

The type of steel, thickness of strip, kind of
metal structure desired and other data are input-
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ted, as required, in the data setter 134. Combined
with the travel speed and temperature of the strip
coming out of the annealing furnace 121 and the
temperature of the outside atmosphere, these
data are used for the calcuiation of the optimum
cooling condition according to which the cooling
section and water flow-rate are controlled to
achieve the most efficient cooling.

Fig. 16 is a flow chart showing the process of
arithmetic calculation performed by the arith-
metic control unit 133. By using the preset values
M (type of steei} and t (thickness of strip} and the
measured values Ts (temperature of strip), Ta
{temperature of outside atmosphere) and V (line
speed), the control unit 133 determines, from
equation Ti, the temperature of strip at the
entrance of each section of the cooling zone, and
then the cooling starting section i that satisfies the
temperature range preset as the starting point of
cooling. Next, the number of cooling sections put
in operation n is determined in order to satisfy the
preset range of necessary cooling rate W as well
as to keep the strip temperature at the exit end of
the cooling zone To below the level of the heat
resistivity of the subsequent equipment. Then,
the heat transfer rate a between the strip and
cooling water and the total quantity of spray
water Q are determined.

Multi-Series Type Vertical Continuous
Annealing Furnace :

Because of the limited treating capacity, it is
difficult to apply a variety of heating patterns
required by different kinds of strip with one
vertical continuous annealing furnace.

However, this problem can be solved by pass-
ing the strip through more than one vertical con-
tinuous annealing furnaces arranged in series.
More effective annealing can be attained by mak-
ing the mid-furnace partition shorter in the down-
stream furnace than in the upstream furnace.

Fig. 17 shows an example of such a multi-series
type vertical continuous annealing furnace. Each
of the furnaces 141, 145 and 149, disposed in
series at suitable intervals, is covered with a
furnace cover 143, 147 and 151 having a vertical
partition 144, 148 and 152, respectively. The struc-
tures of the furnace propers 142, 146 and 150 and
the furnaces covers 143, 147 and 151 are basically
the same as those described before. In Fig. 17 the
second furnace covers are only omitted for
reasons of simplification. The furnace covers 143,
147 and 151 are laterally slidable. With the three
vertical continuous annealing furnaces 141, 145
and 149 placed adjacent to each other as shown,
any desired heating pattern can be attained by
passing the strip 1 coming out of the furnace 141
through the heating and soaking zones of the
furnace 145, and then through the furnace 149.

The exampie shown in Fig. 17 uses three
vertical continuous annealing furnaces disposed
in series, but similar effect can be achieved with
any combination involving two or more furnaces.

Further, a wider variety of heating patterns can
be applied to the strip by making the length I, of
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the partition 148 in the furnace 145 shorter than
the length I, of the partition 144 in the preceding
furnace 141, and, similarly, the length I; of the
partition 152 in the last furnace 149 shorter than
the length I,.

This invention is not limited to the embodiment

illustrated but is applicable to all combinations
containing two or more vertical continuous an-

nealing furnaces, with the relationships among
the  partition _lengths  maintained as
ly>1,>13.... This invention holds good
when, for example, I, and |, are zero, that is, when
no mid-furnace partition is provided, as well.

With this arrangement, the furnaces 141 and
145 may be employed solely for heating and the
furnace 149 solely for soaking. This permits
greatly increasing the speed of strip travel and,
therefore, the rate of production. In this case, the
soaking zone 16b of the furnaces 141 and 145
serves as the second heating zone, whereas the
heating zone 16a and the soaking zone 16b of the
furnace 149 serve as the first and second soaking
zones, respectively.

With a heating cycle in which heating time
equals soaking time, adequate heating cannot be
accomplished if the foremost furnace had no mid-
furnace partition since heat transfer would take
place between the strip just charged at ordinary
temperature and the outgoing strip at high tem-
perature. In this case, the partition is essential to
keep the high-temperature strip away from the
low-temperature strip. In the downstream fur-
naces used mainly for soaking, the incoming strip
differs little in temperature from the outgoing
strip as a result of heating in the preceding
furnace. So the partition, which is indispensable
in the foremost furnace, need not be provided in
the subsequent furnaces.

Where soaking time is shorter than heating
time, an adequately long partition must be pro-
vided in the upstream furnace, whereas the parti-
tion in the downstream furnace need not be so
long; any length adequate for heating will suffice.

Thus, this invention enables the most effective
utilization of heat energy with any desired heating
pattern. The furnaces with shorter or no partitions
offer many commercial advantages, such as the
saving in capital investment and enhancement of
maintainability.

With the muiti-series vertical continuous anne-
aling furnace described above, the strip in transit
from one furnace to another is cooled by the out-
side air, creating such problems that heat energy
is lost, the desired strip temperature is not
obtained, and so on. To solve these problems, an
embodiment described in the following has a
refractory-lined holding cover to enclose the ex-
posed path line of the strip between adjacent
furnaces. This holding cover can be moved in and
out of the path line and, at the same time, can be
partially opened and closed as required.

Each of the three furnaces 153 shown in Fig. 18
is connected to an adjacent one by means of a
holding cover 157 shaped like the letter U in cross
section. The structure of each furnace 153 is

10

15

20

25

30

35

40

45

50

55

60

65

10

basically the same as that described before. In
Fig. 18 the second furnace covers are only omit-
ted for reasons of simplification. The holding
cover 157 contains a U-shaped strip passage 158
along which paired guide roilers 159 are provided
to support the strip 1 from both sides.

The external wall 161 of the holding cover 157 is
made up of a horizontal member 162 and pre-
ceding and following curved members 163. The
internai wall 168 of the holding cover 157 is U-
shaped in cross section. Shaped-like a groove as
shown in Fig. 19, the external wall 161 and
internal wall 168 together make up the strip
passage 158 that is rectangular in cross section.

The horizontal member 162 of the external wall
161 is divided into two symmetrical parts that are
each hinged to a frame 175 with a pin 176, as
shown in Fig. 19. The top of the curved member
163 is also hinged, as shown in Fig. 18, to the
frame 175 shown in Fig. 19 with a pin 177. The
horizontal member 162 is opened and closed
sideways and the curved member 163 longi-
tudinally by means of a cylinder or other drive
unit (not shown).

The internal wall 168 is fixed to the frame 175
and carries a wheel 169 in the lower portion of its
front and rear ends. The internal wall 168 is
mounted via the wheels 169 on rails 170 laterally
extending right above the furnace cover 154. This
permits the holding cover 157 to be moved out of
the path line.

Now that a plurality of vertical continuous
annealing furnaces 153 are arranged in series as
described above, the strip 1, guided by the guide
rollers 71, enters the furnace through the long
narrow opening 156 in the furnace cover 154.
Forming a free loop 6, the strip 1 is heated and
soaked in the zones divided by the vertical parti-
tion 155, and discharged through the long narrow
opening 156. Guided by the guide rollers 159 in
the holding cover 157, the strip 1 travels further
into the next vertical continuous annealing fur-
nace 153.

This furnace arrangement permits continuousiy
annealing the strip that has been heated and
soaked at high temperatures in the preceding
furnace, without bringing it into direct contact
with the low-temperature atmosphere when the
strip comes out of the furnace through the siit-like
discharging port. Accordingly, this prevents the
temperature drop and quality deterioration of the
strip as weil as assures the desired temperature
control and heat treatment.

When the need arises to inspect and repair the
furnace or service the guide rollers, their bearings
and the like, easy access to them can be gained by
moving the holding cover 157 out of the path line,
opening the horizontal member 162 as shown in
Fig. 19, and opening the curved members 163 as
indicated by a broken line in Fig. 18.

Claims

1. A vertical continuous annealing furnace
which heats and anneals a strip (1) of steel being



19 0 085 733 20

charged and discharged through slit-like charging
and discharging ports in the top and forming a
free loop inside the furnace, having a furnace
body (11) and a furnace mouth (12; 101} opening
upward in the top thereof, characterized by a first
furnace cover (21; 81; 103) laterally slidable to
open and close the furnace mouth (12; 101) in the
top of the furnace body (11) and a second furnace
cover-{41; 85; 108) spaced below the first furnace
cover (21; 81; 103) to divide the furnace body (11}
into an upper pre-chamber (15) and a lower
heating chamber (16}, the second furnace cover
(41; 85; 108) being laterally slidably and having a
vertically hanging partition (47; 88; 111} to divide
the heating chamber (16) into a heating zone {16a)
and a soaking zone (16b).

2. A furnace according to claim 1, characterized
in that

a) the first furnace cover (21; 81; 103) is hori-
zontally mounted and comprises two long narrow
openings (25, 26) laterally extending from one
side to the other thereof and being longitudinally
spaced so that the descending and ascending
portions of the strip (1) can pass therethrough,

b) the second furnace cover (41; 85; 108} is hori-
zontally mounted and comprises two long narrow
openings (45, 46) laterally extending from one
side to the other thereof and being longitudinally
spaced so that the descending and ascending
portions of the strip (1) can pass therethrough,
and

¢) the partition (47; 88; 111) extends from the
under surface of the second furnace cover (41; 85;
108) to near the bottom of the furnace.

3. A furnace according to claim 1 or 2, in which
a plurality of heating burners (55) are provided on
the side walls (13; 115) of the heating chamber
(16) that face the edges of the strip {1) admitted
therein, the heating burners (55) being disposed
at substantially equal distance from both surfaces
of the strip (1) and spaced vertically from each
other, with the burners (565) on one side of the
strip (1) being held aslant with respect to those on
the other side.

4. A furnace according to any of claims 1to 3, in
which at least one combustion gas exhaust port
{567) is provided near the top of each side wall (13;
115) of the heating and soaking zones (16a, b) in
the heating chamber (16).

5. A furnace according to any of claims 1to 4, in
which the first furnace cover (81) has a vertically
hanging partition (82) to divide the pre-chamber
(15) into an upstream and a downstream
chamber. o

6. A furnace according to any of claims 1to 5, in
which the partition (88) of the second furnace
cover (85) is attached thereto in such a manner as
to be laterally slidable.

7. A furnace according to any of claims 1t0 6, in
which a plurality of second furnace covers (108}
are provided in the furnace body (11) so that the
heating chamber (16) is divided into a plurality of
horizontal sections.

8. A furnace according to any of claims 1to 7, in
which the walls (115) of the furnace body (11) are
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lined with ceramic fiber (116) and randomly im-
planted with projecting spalling-proof refractory
bricks {117, 118, 119).

9. A furnace according to any of claims 1to 8, in
which sealing means (31, 32) is mounted on the
first furnace cover (21), the sealing means (31, 32)
having a closable slit-like opening (34, 35) located
right above said long narrow opening {25, 26) to
allow the passage of the strip {1).

10. A furnace according to any of claims 1to 9,
which comprises:

a) means (123) detecting the temperature of the
atmosphere outside the furnace (121), said detect-
ing means (123) being disposed near the exit end
of the furnace (121);

b) means (122} detecting the temperature of the
strip (1), said detecting means (122) being dis-
posed on the exit side of the furnace (121);

¢) means (124) detecting the travel speed of the
strip (1), said détecting means (124} being dis-
posed on the exit side of the furnace (121);

d) means (125) spraying cooling water, said
spraying means (125) comprising a plurality of
cooling sections disposed in the longitudinal
direction of the strip {1); and

e) means (133} selecting a cooling section that
is put into operation to cool the strip (1) to the
desired temperature and controlling the guantity
of water sprayed according to signais supplied
from the individual detecting means (122—124,
130).

11. A furnace arrangement comprising a plu-
rality of vertical continuous annealing furnaces
(141, 145, 149; 153} according to any of claims 1 to
10 arranged in series.

12. A furnace arrangement according to claim
11, in which the partition (144, 148, 152) in each
downstream furnace {141, 145, 149) is shorter
than the partition (144, 148, 152) in the preceding
furnace (141, 145, 149).

13. A furnace arrangement according to any of
claims 11 or 12, in which a holding cover (157) is
provided to enclose the strip (1), the holding
cover (157) connecting the outlet of one furnace
(153) and the inlet of the adjacent downstream
furnace (153) and being laterally slidable so as to
open the outiet and iniet of the connected fur-
naces (153).

14. A method of operating a vertical continuous
annealing furnace, particularly according to any
of claims 1 to 10 having a first furnace cover
laterally slidable to open and close the furnace
mouth in the top of the furnace body and a
second furnace cover spaced below the first
furnace cover to divide the furnace proper into an
upper pre-chamber and a lower heating chamber,
the second furnace cover being laterally slidable
and having a vertically hanging partition to divide
the heating chamber into an upstream and a
downstream zone, which heats and anneals a
strip of steel charged and discharged through slit-
like charging and discharging ports in the top and
forming a free loop inside the furnace, the
method comprising:

a) lowering the strip (1) after moving the first
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furnace cover (21; 81; 103} out of the path line of
the strip (1), with the heating chamber {16) closed
with the second furnace cover (41; 85; 108);

b) confirming that the lower end (5) of the strip

loop (4) is arranged within the pre-chamber (15); -

c) returning the first furnace cover {21; 81; 103)
onto the path line; and

d) charging the strip (1) into the heating
chamber (16).

15. A method according to claim 14, charac-
terized in that the discharging of the strip (1)
outside the furnace is performed reversing the
steps of claim 14.

16. A method according to claim 14 or 15,
characterized in that the lower end (5) of the strip
loop (4) is detected by use of detecting means
(61—64) on the side walls (18) of said pre-
chamber (15), the detecting means {61—64) com-
prising at least one light emitter (61, 62) and light
receiver (63, 64), respectively.

17. A method according to any of claims 14 to
16, characterized in that the travel speed of the
strip (1) is automatically regulated according to
signals from a plurality of vertically spaced de-
tecting means near the lower end (7) of the strip
loop (6) in the heating chamber (186), each detect-
ing means comprising a light emitter (65, 66) and
a light receiver (67, 68}, so that the lower end (7)
of the strip loop (6) is held between the upper set
of light emitter and receiver (65, 67} and the lower
set of light emitter and receiver (66, 68).

18. A method according to any of claims 14 to
17, characterized in that the flow of combustion
gas is controlled according to the heating cycle
being applied by means of a damper (58) pro-
vided at the exit end of at least one combustion
gas exhaust port (57; 57a, b) provided on each
side of the strip (1) in the heating and soaking
zones (16a, b) separated by the partition (47)
hanging from the furnace cover (41).

Patentanspriiche

1. Vertikaler Durchlaufgliihofen zum Erwarmen
und Gllhen eines Bandes (1) aus Stahl, das durch
schlitzartige Zufuhr- und AuslaR6ffnungen in der
Ofenspitze zugefihrt und abgeflihrt wird und
innerhalb des Ofens eine freie Schieife ausbildet,
mit einem Ofenkérper {11) und einem sich in der
Ofenspitze nach oben 6ffnenden Ofenmund (12;
101), gekennzeichnet durch eine seitlich ver-
schiebbare erste Ofenabdeckung (21, 81; 103)
zum Offnen und SchlieRen des Ofenmunds (12;
101} in der Spitze des Ofenkérpers (11} und eine
im Abstand unterhalb der ersten Ofenabdeckung
(12, 81; 103) angeordnete zweite Ofenabdeckung
(41; 85; 108), die den Ofenkdrper (11) in eine
obere Vorkammer (15) und eine untere Heiz-
kammer (16) teilt, seitlich verschiebbar ist und
eine vertikal hangende Zwischenwand (47; 88;
111) zum Teilen der Heizkammer (16} in eine Heiz-
zone (16a) und eine Durchglihzone (16b) auf-
weist.

2. Ofen nach Anspruch 1, dadurch gekennzeich-
net, i
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a) daR die erste Ofenabdeckung (21; 81; 103}
horizontal angeordnet ist und zwei lange, schma-
le Offnungen (25, 26) aufweist, die sich seitlich
von einer Seite der Abdeckung zur anderen er-
strecken und in Langsrichtung beabstandet sind,
so daR die absteigenden und aufsteigenden Teile
des Bandes (1) hindurchgefiihrt werden kdnnen,

b) dal?3 die zweite Ofenabdeckung (41; 85; 108}
horizontal angeordnet ist und zwei lange, schma-
le Offnungen (45, 46) aufweist, die sich seitlich
von einer Seite der Abdeckung zur anderen er-
strecken und in Langsrichtung beabstandet sind,
so daf} die absteigenden und aufsteigenden Teile
des Bandes (1) hindurchgefiihrt werden kénnen,
und

c) daf® die Zwischenwand (47; 88; 111) sich von
der Unterseite der zweiten Ofenabdeckung (41;
85; 108) bis in die Nahe des Ofenbodens erstreckt.

3. Ofen nach Anspruch 1 oder 2, dadurch
gekennzeichnet, dafs mehrere Heizbrenner (55}
auf den Seitenwéanden (13; 115) der Heizkammer
(16) vorgesehen sind, die auf die Kanten der darin
befindlichgn Bandes {1} gerichtet sind, wobei die
Heizbrenner (55} im wesentlichen in gleichem
Abstand von beiden Oberflachen des Bandes (1)
angeordnet und vertikal voneinander beabstan-
det sind und die Brenner (55) auf einer Seite des
Bandes (1) bezliglich denjenigen auf der anderen
Seite geneigt gehalten werden.

4, Ofen nach einem der Anspriiche 1 bis 3,
dadurch gekennzeichnet, da mindestens eine
VerbrennungsgasausialR6ffnung (57) in der Nahe
der Spitze jeder Seitenwand (13; 115) der Heiz-
und Durchgliihzonen (16a, b} in der Heizkammer
(16) vorgesehen ist. .

5. Ofen nach einem der Anspriiche 1 bis 4,
dadurch gekennzeichnet, daRR die erste Ofen-
abdeckung (81) eine vertikai hdngende Zwischen-
wand (82) zum Teilen der Vorkammer {15) in eine
obere und eine untere Kammer aufweist.

6. Ofen nach einem der Ansprliche 1 bis 5,
dadurch gekennzeichnet, daf® die Zwischenwand
(88) der zweiten Ofenabdeckung (85) seitlich ver-
schiebbar an der zweiten Ofenabdeckung (85)
befestigt ist.

7. Ofen nach einem der Anspriiche 1 bis 6,
dadurch gekennzeichnet, dafd im Ofenkérper (11)
mehrere zweite Ofenabdeckungen (108) vorge-
sehen sind, so dal die Heizkammer (16) in mehre-
re horizontale Abschnitte unterteilt ist.

8. Ofen nach einem der Anspriiche 1 bis 7,
dadurch gekennzeichnet, da3 die Wénde (115)
des Ofenkorpers (11) mit Keramikfasern (116)
ausgekleidet sind und daR darin in zufalliger
Weise vorspringende, gegen Ausbrechen bestén-
dige Feuerfeststeine (117, 118, 119) eingelassen
sind.

9. Ofen nach einem der Anspriiche 1 bis 8,
dadurch gekennzeichnet, da® auf der ersten
Ofenabdeckung (21) eine Dichteinrichtung (31, 32)
angeordnet ist, die eine umittelbar oberhalb der
langen schmaien Offnung (25, 26) zum DurchiaB
des Bandes (1) angeordnete verschlieRbare,
schlitzartige Offnung (34, 35) aufweist.

10. Ofen nach einem der Anspriiche 1 bis 9,
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gekennzeichnet durch

a) einen in der Ndhe des Austritisendes des
Ofens (121) angeordneten Detektor (123) zum
Ermitteln der Temperatur der Atmosphére aul3er-
halb des Ofens (121);

b) einen an der Austrittsseite des Ofens {121)
angeordneten Detektor (122) zum Ermitteln der
Temperatur des Bandes (1);

c) einen an der Austrittsseite des Ofens (121)
angeordneten Detektor (124) zum Ermitteln der
Varschubgeschwindigkeit des Bandes (1);

d)} eine Spritheinrichtung (125) zum Spriihen
von Kihlwasser, die mehrere in Léngsrichtung
des Bandes (1) angeordnete Kithlabschnitte auf-
weist; und

e) eine Einrichtung (133) zum Wahlen eines zum
Abklhlen des Bandes (1) auf die gew(inschte
Temperatur in Betrieb zu setzenden Kihl-
abschnittes und zum Steuern der aufgespriihten
Wassermenge in Abhéngigkeit von den von den
einzelnen Detektoren (122—124, 130) gelieferten
Signalen.

11. Ofenanordnung, gekennzeichnet durch
mehrere, in Reihe angeordnete vertikale Durch-
laufglGhofen (141, 145, 149; 1563) nach einem der
Anspriiche 1 bis 10.

12. Ofenanordnung nach Anspruch 11, dadurch
gekennzeichnet, dafd die Zwischenwand (144, 148,
152) in jedem in Durchlaufrichtung des Bandes
unterhalb angeordneten Ofen (141, 145, 149) kiir-
zer ist als die Zwischenwand (144, 148, 152) im
vorhergehenden Ofen (141, 145, 149).

13. Ofenanordnung nach einem der Anspriiche
11 oder 12, dadurch gekennzeichnet, daf3 zum
UmschlieBen des Bandes (1) eine Halte-
abdeckung (157) vorgesehen ist, die den Ausiafl
eines Ofens (153) mit dem Einlal? des benach-
barten, in Durchlaufrichtung des Bandes unter-
halb angeordneten Ofens (153) verbindet und
seitlich verschiebbar ist, um den Auslal und
EinlaR der miteinander verbundenen Ofen (153)
zu 6ffnen.

14. Verfahren zum Betrieb eines vertikalen
Durchlaufgitihofens, insbesondere nach einem
der Anspriche 1 bis 10, mit einer zum Offnen und
SchlieRen des Ofenmundes in der Spitze des
Ofenkdrpers seitlich verschiebbaren ersten Ofen-
abdeckung und einer im Abstand unterhaib der
ersten Ofenabdeckung angeordneten zweiten
Ofenabdeckung zum Teilen des Ofens in eine
obere Vorkammer und eine untere Heizkammer,
wobei die zweite Ofenabdeckung seitlich ver-
schiebbar ist und eine vertikal hdngende Zwi-
schenwand zum Teilen der Heizkammer in eine
obere und eine untere Zone aufweist und wobei
ein durch schlitzartige Zufuhr- und AuslaBoff-
nungen in der Ofenspitze zugefiihrtes und abe-
fUhrtes Stahlband erwarmt und gegliiht wird und
innerhalb des Ofens eine freie Schliefe ausbildet,
mit den folgenden Verfahrensschritten:

a) Absenken des Bandes (1), nachdem die erste
Ofenabdeckung (21; 81; 103) aus der Wegstreckte
des Bandes (1) herausbewegt ist, wobei die Heiz-
kammer (16) durch die zweite Ofenabdeckung
(41; 85; 108) geschlossen ist;
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b) Sicherstellen, da das untere Ende (5) der
Bandschleife (4) innerhalb der Vorkammer (15}
angeordnet ist;

¢) Zurickbewegen der ersten Ofenabdeckung

(21; 81; 103) auf die Wegstrecke des Bandes; und

d) Einfiihren des Bandes (1) in die Heizkammer
(16).

16. Verfahren nach Anspruch 14, dadurch
gekennzeichnet, daf3 das Herausfiihren des Ban-
des (1) aus dem Ofen durch Umkehren der Ver-
fahrensschritte gemaR Anspruch 14 durchgefiihrt
wird.

16. Verfahren nach Anspruch 14 und 15, da-
durch gekennzeichnet, dal’ das untere Ende (5)
der Bandschleife (4) durch Detektionseinrich-
tungen (61—64) auf den Seitenwénden (18) der
Vorkammer {15) ermittelt wird, die jeweils min-
destens einen Lichtsender (61, 62) und einen
Lichtempfanger (63, 64) aufweisen.

17. Verfahren nach einem der Ansprliche 14 bis
16, dadurch gekennzeichnet, dal? die Durchlauf-
geschwindigkeit des Bandes (1) automatisch in
Abhéangigkeit von Signalen von mehreren vertikal
beabstandeten Detektionseinrichtungen in der
N&he des unteren Endes (7) der Bandschieife {6}
in der Heizkammer (16} geregelt wird, wobei jede
Detektionseinrichtung einen Lichtsender (65, 66)
und einen Lichtempfanger (67, 68) aufweist, so
daf das untere Ende {7) der Bandschleife {6) zwi-
schen dem oberen Satz von Lichtsender und
-empfinger (65, 67) und dem unteren Satz von
Lichtsender und -empfénger (66, 68) gehalten
wird.

18. Verfahren nach einem der Anspriche 14 bis
17, dadurch gekennzeichnet, dal® die Strémung
des Verbrennungsgases gemafR dem mittels einer
Drossel {58) ausgeflhrten Heizzyklus gesteuert
wird, die am Austrittsende mindestens einer Ver-
brennungsgasaustrittséffnung (67; 57a, b) vorge-
sehen ist, die auf jeder Seite des Bandes (1) in den
durch die von der Ofenabdeckung (41) hdngende
Zwischenwand (47) getrennten Heiz- und Durch-
gliihzonen (16a, b) vorgesehen sind.

Revendications

1. Four a recuire en continu disposé verticale-
ment qui chauffe et recuit une bande (1) d’acier
chargée et déchargée a travers des orifices de
chargement et de déchargement du genre fente
au sommet et formant une boucle libre dans le
four, comprenant un corps de four {11) et une
gueule de four (12, 101) s‘ouvrant vers le haut,
dans le sommet de celui-ci caractérisé par un
premier couvercle de four (21, 81, 103) pouvant
coulisser latéralement pour ouvrir et fermer la
gueule du four {12, 101) dans le sommet du corps
du four (11) et un second couvercle de four (41,
85, 108) situé au-dessous du premier couvercle de
four (21, 81, 103) de fagon a subdiviser le corps du
four {11} en une pré-chambre supérieure (15} et
une chambre de chauffage inférieure (16), le
second couvercle de four (41, 85, 108) pouvant
coulisser latéralement et présentant une sépara-
tion qui pend verticalement (47, 88, 111) pour sub-
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diviser la chambre de chauffage (16) en une zone
de chauffage (16a) et une zone de maintien en
température (16b).

2. Un four suivant la revendication 1, carac-
térisé en ce que :

a) le premier couvercie de four (21, 81, 103) est
monté horizontalement et comprend deux lon-
gues ouvertures étroites (25, 26) s'étendant laté-
ralement d'un c6té a I'autre et écartées longitudi-
nalement de sorte que les portions descendante
et montante de la bande (1) peuvent passer a
travers, .

b) le second couvercle de four (41, 85, 108) est
monté horizontalement et comprend deux lon-
gues ouvertures étroites (45, 46) s'étendant laté-
ralement d'un co6té a I'autre et écartées longitudi-
nalement de sorte que les portions descendante
et montante de la bande (1) peuvent passer a
travers, et

c) la séparation (47, 88, 111) s'étend de dessous
la surface du second couvercle de four (41, 85,
108) jusqu’a proximité du fond du four.

3. Un four suivant ia revendication 1 ou 2 dans
lequel une piuralité de braleurs de chauffe (55)
sont disposés sur les parois latérales (13, 115) de
la chambre de chauffage (16) qui font face aux
bords de la bande (1) qui y est admise, les
brlieurs de chauffe (55) étant disposés sensible-
ment a égale distance des deux surfaces de la
bande (1) et espacés verticalement ['un de I'autre,
les briileurs (55) sur un c6té de la bande (1) étant
disposés obliquement par rapport aux braieurs
situés sur |'autre coté.

4, Un four selon I'une quelconque des reven-
dications 1 a 3 dans lequel au moins, un orifice
d'échappement des gaz de combustion (57) est
prévu a proximité du sommet de chaque paroi
latérale (13, 115) des zones de chauffage et de
maintien en température {16a, b) dans la chambre
de chauffage (16).

5. Un four selon 'une quelconque des reven-
dications 1 a 4 dans lequel le premier couvercle
de four {81) présente une séparation suspendue
verticalement (82) divisant la pré-chambre {15) en
une chambre aval et une chambre amont.

6. Un four selon I'une quelconque des reven-
dications 1 a 5, dans lequel la séparation {88) du
second couvercle de four (85) y est fixée de fagon
a pouvoir coulisser latéralement.

7. Un four selon I'une quelconque des reven-
dications 1 a 6, dans lequel une pluralité de
seconds couvercles de four {108) sont prévus
dans le corps du four (11) de sorte que la chambre
de chauffage (16} est subdivisée en une pluralité
de sections horizontales.

8. Un four selon l'une quelconque des reven-
dications 1 & 7 dans lequel les parois (115} du
corps du four (11) sont recouvertes de fibres céra-
miques (116) et implantées au hasard avec des
briques réfractaires résistant a |'effritement (117,
118, 119).

9. Un four selon I'une quelconque des reven-

dications 1 a 8 dans lequel des moyens d’étan-
chéité (31, 32) sont montés sur le premier couver-
cle de four (21), les moyens d’étanchéité (31, 32)
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ayant une ouverture (34, 35) du type fente obtura-
ble, située juste au-dessus de la longue ouverture
étroite (25, 26) pour permettre le passage de la
bande (1).

10. Un four conformément a I'une quelconque
des revendications 1 a 9, comprenant:

a) des moyens {123} détectant la température
de I'atmosphére a I'extérieur du four (121), ces
moyens de détection (123) étant disposés au
voisinage de I'extrémité de sortie du four {(121);

b} des moyens (122) détectant la température
de la bande (1), ces moyens de détection (122)
étant disposés sur le ¢6té sortie du four (121);

c) des moyens (124) détectant la vitesse de
défilement de la bande (1), ces moyens de détec-
tion (124) étant disposés sur le ¢cdté sortie du four
(121);

d) des moyens {125) pulvérisant de l'eau de
refroidissement, ces moyens de pulvérisation
(125) comprenant une pluralité de sections de
refroidissement disposées suivant la direction
longitudinale de la bande (1); et

e) des moyens (133) choisissant la section de
refroidissement mise en oeuvre pour refroidir la
bande (1) a la température désirée et contrdlant la
quantité d'eau pulvérisée en fonction des signaux
fournis par les moyens de détection individuels
(122, 124, 130).

11. Une disposition de four comprenant une
pluralité de fours a recuire en continu disposés
verticalement (141, 145, 149, 153) selon |'une
quelconque des revendications 1 a 10, disposés
en série,

12. Une disposition de four selon la revendica-
tion 11 dans laquelle la séparation (144, 148, 152)
dans chaque four aval (141, 145, 149) est plus
petite que la séparation (148, 144, 152) dans le
four précédent (141, 145, 149).

13. Une disposition de four suivant l'une ou
I'autre des revendication 11 ou 12, dans iaquelle
un couvercle de maintien (157) est prévu pour
enfermer la bande (1), le couvercle de maintien
(157) connectant la sortie d'un four (153) et
I'entrée du four (153) aval adjacent, ce couvercle
pouvant coulisser latéralement de maniére a
ouvrir la sortie et I'entrée des fours connectés (153).

14. Un procédé d'exploitation d'un four a re-
cuire en continu disposé verticalement, en
particulier suivant 'une quelconque des reven-
dications 1 & 10 ayant un premier couvercle de
four coulissant latéralement pour ouvrir et ferme
la gueule du four au sommet du corps de four et
un second couvercle de four situé sous le premier
couvercle de four pour subdiviser le four propre-
ment dit en une pré-chambre supérieure et une
chambre de chauffage inférieure, le second cou-
vercie de four coulissant latéralement et présen-
tant une séparation qui pend verticalement pour
subdiviser la chambre de chauffage en une zone
amont et une zone aval, qui chauffe et recuit une
bande d'acier chargée et déchargée a travers des
orifices de chargement et de déchargement en
forme de fentes au sommet du four, et formant
une boucle libre a l'intérieur du four, le procédé
consistant:
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a) a descendre la bande (1) aprés avoir déplacé
le premier couvercle de four (21, 81, 103) en
dehors du passage de la bande (1), la chambre de
chauffage (16) étant fermée par le deuxiéme
couvercle de four (41, 85, 108);

b) 4 s’assurer que I'extrémité inférieure (5) de la
boucle de ia bande (4) est disposée a I'intérieur de
la préchambre (15);

¢) & ramener le premier couvercle de four (21,
81, 103) sur le passage; et

d) & charger la bande (1} dans la chambre de
chauffage (16).

15. Procédé suivant la revendication 14, carac-
térisé en ce que le déchargement de la bande (1)
du four est réalisé en inversant les étapes de la
revendication 14,

16. Un procédé suivant I'une des revendications
14 ou 15, caractérisé en ce que l'extrémité infé-
rieure {5) de la boucie de la bande (4) est détectée
en utilisant des moyens de détection (61—64)
disposés sur les parois latérales (18) de ladite pré-
chambre (15), les moyens de détection (61—64)
comprenant au moins un émetteur de lumiére
{61, 62) et un récepteur de lumiére (63, 64),
respectivement. .

17. Un procédé suivant I'une quelconque des
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revendications 14 & 16, caractérisé en ce que la
vitesse de déplacement de la bande (1) est réglée
automatiquement en fonction des signaux prove-
nant d'une pluralit¢ de moyens de détection
espacés verticalement a proximité de I'extrémité
inférieure (7) de la boucle de ia bande (6) dans la
chambre de chauffage (16), chacun des moyens
de détection comprenant un émetteur de lumiere
(65, 66) et un récepteur de lumiére (67, 68}, de
sorte que I'extrémité inférieure (7) de la boucie de
bande (6) est maintenue entre le jeu supérieur
d'émetteur et récepteur de lumiére (65, 67) et le
jeu inférieur d’émetteur et récepteur de lumiére
(66, 68).

18. Un procédé suivant I'une quelconque des
revendications 14 a 17. caractérisé en ce que le
flux de gaz de combustion est contrblé en fonc-
tion du cycle de chauffage appliqué a I'aide d'un
registre (58) prévu a l'extrémité de sortie d'au
moins un orifice d’'évacuation des gaz de com-
bustion (57; 57a, b) disposé de part et d’autre de
la bande (1) dans les zones de chauffage et de
maintien en température (16a, b) séparées par la
séparation (47) qui pend a partir du couvercle du
four {41).
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FIG. 16
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