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@ Vertical continuous annealing furnace and its operating method.

The vertical continuous annealing furnace has two
furnace covers (21, 41} vertically spaced away from each
other. Each furnace cover (21; 41) is laterally slidable with
respect to the furnace body {11) and has two long narrow
openings (25, 26; 45, 46) through which a strip (1} is passed.
There is a relatively small pre-chamber (15) between the first
furnace cover {21) above and the second furnace cover (41)
below. The space below the second furnace cover (41)
constitutes a heating chamber (16). A partition (47) extends
from the under surface of the second furnace cover (41) to
near the bottom of the furnace, dividing the heating chamber
{16) into a heating zone (16a) and a soaking zone {16b). In the
method for charging and discharging the strip {1) the two
furnace covers (21, 41) are alternately opened and closed,
thereby keeping the heating chamber (16) out of exposure to
the outside air.
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"Vertical Continuous Annealing Furnace and its Operating
Method"

Background of the Invention

This invention relafe;72 vertical continuous anneal-.
ing furnace and its operating method particularly suited
for annealing stripsof such special steels as stainless
steel.

The conventional tower-type continuous annealing
furnace ‘calls for;hearth rollers to guide the vertical -
path of strip running up and down. These hearth rollers
are able to withstand a température of 650 °C to 720 °C
with which plain carbon steel strips aretreated. 1In a
higher temperature range between 800 °C and 1 000 °C in
which stainless steel stri;sageannealed, however, there
arises a problem of scale buildup on the surface of the
hearth rolls which.might,2in turn;.produce surface defects
on the strip threaded thereover. For this reason, stain-

less steel strips havebeen treated in horizontal tunnel-

type furnaces, ranging between 10-m and 18 in length.

In an attempt to offer a way out there was -
N proposed a vertical continuous annealing furnace
suited for the annealing of stainless and other similar

steel strip in Japanese Patent Application No. 50900 of




. 0085733

1977 (Japanese Patent Public Disclosure No. 135,808 of
1978). This prior invention is characterized by proﬁiding
a slit-like opening in the furnace-top cover, through which
strip is continuously fed into the furnace to form a'cate-'
nary-like freely.hanging.loop to which.annealing heatsis
applied. This furﬂace hag‘no strip—guiaing hea?th roileis
at all. In other words, a vertical furnace _ without

. hearth rollers was :the main point of this érior in-
vention.

However, this prior ‘invention was not without brob—
lems. When the line stops, strip is held within the fur-
nace in the freely looped ‘state mentioned before, getting _
oxidized by an oxidizing atmosphere 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 pver'the charging and dis-
charging pinch rolls. . Yet, this-cannot be acheived with-
out opening the furnace-top cover, which means that the
furnace inside is exposed to the-outside air. This ex-
posure will cause a heavy heat loss and, in serious cases,
the spalling of furnace walls as a result of rapid cooling
from a higherrtemperature level.

The above prior invention gave no particular spe-

-cification as to the arrangement of heating burners.
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The description of its préferred embodiments states simply
that heating burners are disposed 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.v Later experiments,
however, have shown that this bﬁrner arrangement 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 séaking heated
strip, both the furnace ana strip temperatures are in many
cases substantially the same on either side of ﬁhe parti—
tion wall. In such cases, there is no need to eliminate
the mutual thermal effect of strip between the entry and |
delivery sides. Rather, the heat buildup by :the partiﬁion'
wall leads to a heat loss and a damaging éf fhe furnace‘s
unit heat consumption. |

Having enough sbage inside and, therefore, receiv-
ing ﬁo pressﬁre from tﬂe piece charged therein, vertical
continuous annealing furnaces need no strength to withstand
any such pressure. Also, their walls should caussras~-

little heat buildup as possible so that their heating.'
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pattern may be switched quickly as the type of steel treated
changes. For these reasons, it was thought preferable that
the furnace wall refractories possess both high thermal
resistance and good heat-insulating properties, so céramic
fiber came into popular use. Later again,; it was found

that the strip traﬁelipg through the furnace often hits

and damages the furnace wails 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 rollérs in the bottom, strip is al-
lowed to turn upward freely drawing a loop, making it néc—
essary to keep the lower end of the free loop at a sub-.
stantially 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 én-
hancement of the furnace's thermal efficiency.

Where stainless or other special steel is involved,
special consideration 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 fﬁrnaces must be installed in series since the

capacity of one furnace is limited. Such a series arrange-
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ment facilitates accelerating the strip treating speed,
increasing the production capacity, and apblying various
. heating patterns. gsanwhile it i1s essential to prevent
the escape of heat:from the strip traveling from one fur-
nace to another to avoid the waste of energy and minimize

the effect of heat'loss on steel quality.

Summary of the Invention
This invention has been made to solve the afore-
mentioned 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 ex-
cessive 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 continuous annealing furnace accord-
ing to the invention is capable of uniformly heating .
strips with high thermal efficiency, and its walls have
high thermal resistance and good heat-insulating proper-
ties and are protected against the damage that might be
- caused by the strip. PFurthermore the annealing furnace

is capable of cooling heated strip exactly to the desired
temperature.

According to the invention an arrangement of a
plurality of vertical continuous annealing furnaces is
provided in order to offer a still higher production

capacity and a greater variety of heating patterns.
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The vertical continuous annealing furnace-according
to this invention has two furnace.covers at its top, ver-
tically spaced away from each other. Each cover is later-
ally slidable with respect to the furhace proper, and
provided with two slots through which strip is passed.
There is a relatively small pre-chamber between the. first
cover above and}hesecond cover below. The space below the
second .cover constitutes a heating chamber. Below 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 chanber

has a plurality of burners and combustion gas exhaust

ports.

Strip 1s inserted from an opening in the furnace
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top in such a manner as to surround the partition wall,

or in a catenary-like <form. In feeding strip into the
hot-heated furhace, it is first inserted into the pre-
chamber to form a small loop therein, with the upper first
cover opened.and the .lower sécond cover'clpséd.“Then,'

the first cover is'cloéed and the second c&ver opéned to
allow the loop of strip. to descend to near the firnace>
bottom. When the loop of strip has been 1owe£ed into posi-
tion; thé second cover is closed. N

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

With the vertical continﬁous annealiﬁg.furnace of
this invention, as evident from the above, strip can be
charged and discharged without exposing the heating cham-
ber to the outside air. This prevents 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 following detailed

description .together with. the accompanying drawihgs.

Brief Description of the Drawings
Fig. 1 is a cross-sectional view showing a vertical

continuous annealing furnace embodying the principle of
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this invention.

Fig. 2 is a perspective view showing the top sec-
tion 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 ex;
haust ports.

Fig. 6 is a graph schematically showing the rela-
tionships among the temperatures of the 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,céver.

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 furnace walls.

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

.wall.



-9 - 0085733

Figs. 13 and 14 are partial perspective views show-

ing different furnace wall structures.

| Fig. 15 is a system diagram showing anrexamélé of
a.cooling device provided on the delivery side of the ver-
- tical continuous annealing furnace. |

Fig. 16 is a flow chart showing the.process of op-
eration in the control unit of the cooling device illus-
trated in Fig. 15.

Fig.Al7 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 adjacent vertical con-

tinuous annealing furnaces disposed 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 ,
: body or furnace
As shown in Figs. 1 and 2, the furnace/proper 11,
rectangular in horizontal cross section, has a furnace
mouth 12-in its top that opens ﬁpward..AThrough this fur-
nace mouth 12, strip l-is inserted from above into the-

furnace in a catenary-like form.

On top of the furnace proper 1l is placed a first
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furnace cover 21, which is laterally slidable in thé direc-
tion 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 perpeﬁe
dicular to both sidéé), near the top of fhe furnace éioper
11. The furnace cover 21 is fastened to the-éide 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 fur-
nace, extend laterally from the side opposite to the one
on which the hydraulic cylinder 24 is situated. These
long narrow openings 25 apd 26 are slightly longer than
the width of the strip 1 and sufficiently wider than its
thickness. The space between‘the two openings 25 aﬁd 26
is equal to the space between the descending portion 2
and the ascending portion 3 of the strip 1.

A pair of laterally extending water-seal grooves
28 are proviggd along the edges of the furnace mouth 12
at the top of the furnace proper 1l1l. A pair of seal edges
29, which project toward and extend along the water-seal

grooves 28, are provided on the under surface of the first
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furnace cover 21, With the seal edge 29 put in the water-
seal gfoove 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—clésé sealing device 31 is provided on ﬁhe

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 comprises 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 pexr-
pendicular to the surface of the strip 1. The sealing -

mechanism 32 comprises a pair of sealing surfaces of ce-

 ————e e e e

ramic fiber, .which hold the strip 1 therebetween, ana 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 laterial opening 14 is provided in the wall 13
of the furnace proper 1l on the side on which the hy-
draulic cylinder 24 is installed. In this opening 14 is

inserted a laterally slidable 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 fur-

nace. .Like the first furnace cover 21, the second furnace

‘cover 41 also is fastened to a bogie 43 running over tails
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42, A hydraulic drive cylinder 44 is connected to the
bogie 43. The second furnace cover 41 also has long nar-
row openings 45 and 46, The second furnace cover 41 sep-
arates the pre-chamber 15 . from the lower portion of the
furnace proper 11 which constitutes a heating chaﬁber le.

On the under .surface of the second furnace cover
41, midway between the long narrow'openings 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 par-
tition 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 accommodatesrthe re-~
ceding partition 47. |

Each of the upper and lower surfaces of the second
furnace cover 41 has a watér—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 correspond to the water-seal groove 48 and seal edgej
49, respectivelj. ' |

A number of burners 55 are provided on.the side
walls of the heating chamber 16. The burners 55 are ar-
ranged in two vertical lines, one line bn each side of

the strip 1, with the burners 55 in one line horizontally
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staggered with respect to those in the other line, "on the
side walls in each of the heating zone 1l6a and soaking
zZone 165 divided by the partition 47. In a set of burners
55 provided at substantial;y the same level on the side
walls 13, the burners 55a and 55b, and the burners 55c
and 554, are diagoﬁally symmetrical to each other, with
the strip 1 standing midway therepetween; 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 i. .

| With the heating burners 55 arranged as described
‘above, flames circulatingly flow about the strip-1l, like
a whirlwind spinning around in a sheath-like squashed
cylindricél form. The burners 55 may alsoc be arranged in
such a manner that the direction of the whirlwind is re-
versed in the heating and soaking zones.

In each of the heating zone 1l6a aﬁd soaking zone
16b, cqmbustion gas exhaust ports 57 are provided above
the heating burners 55 or close tb the to? of thé-sideA
walls 13[a§shown in Fig. 1. A combustion §as 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 subseqﬁent
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unit (such as a heat exchanger) through a piping 59 con-
taining 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 €5 and 66 are

provided on one of the front and rear walls 18 clése'to
the bottom of the heating chamber 16, and light receivers
67 and 68 on the opposite wall -18.

Deflector pinch rolls 71 and 72 ate.proVidgd where.
tﬁe charging and discharging ports open, .respectively, in
the top of the furnace proper. A laterally mévable 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 éuide 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
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they do not have "to be in constant ‘contact with the sﬁrip
during operation. |

Operation of the Furnace

First, the method of charging strip in the furnace
will be described by reference to Fig. 1. At the begin-
ning, the furnace pfopér 1l is closeﬁ with the first furnace.u
cover 21 and the second furnace cover 41. The strip 1l is
fed‘from the left in Fig. 1 and hung over the chaiging
and discharging.side deflector pinch rolls 71 and 72.

With its .leading end pinched by the discharginé side de-
flector pinch rolls 72, the strip 1 is allowed to hang
down to form a free loop. As £he lower end of -the free
loop approachesrthe 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 furnacé
cover 21 also is moved outside the path line. With the
second furnace cover 41 in:closing éosition, however, the
hiéh—temperatﬁre atmosphere in the heating chamber 16 is
not exposed to the outside air.

The free loop 4 of the strip 1 is further descended
into the pre-chamber 15 until the lower end 5 of the loop
reaches a point below the upper detector 63 and above the
lower deﬁector 64 in the lower part of the pre-chamber 15.

When.the freerloop 4 reaches the position illustrated in
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Fig. 1, the upper detector 63 no longer receives light
whereas 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 clearance to center the strip 1 so as
to insure its smooth admission in the charging and dis-
charging 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, seals the atmosphere 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 seéond furnace cover 41 is slid
out of the strip path line to open the top of the heating
chamber 16. After the strxip 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

.0f the furnace walls in the heating chamber 16,
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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 thé'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 chérging port 35 that is kept airtight by means of
the open-close ceramic fiber and air seal. The strip li
goes down through .the long narrow opening 25 in the first
furnace cover 21 into the airtight pre—chambe? 15, then
further down into the heating chamber 16 through the long
narrow opening 45 in the second furnacg cover 41 that .con-
‘stitutes the ceiling of the heating chamber 16. Then;
the st?ip 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, déscribing the free-'loop 6. Aféer
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 pré—chamber
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15 through the long narrow opening 46 in the second furnace
cover 41, going further up to above the Ffurmnace through
the long narrow opening 26 in the first furnace cover 21
and the slit-like discharging port 36. The.discharéing
side guide rollers 76 hold and guide the strip 1 to the
outside of the furﬁace, The discharging side deflecfbr
pinch rolls 72 turn the .up-coming strip 1 fo run horizon-
tally, and deliver it to the right in Fig. 1 at an appro-
priate speed. | |
With the heating chamber having no hearth rollers,
as evident from the above, it is unnecessary to set the
upper limit of the furnace temperature, which might other-
wise be needed to prevent the deterioration of the hearth
rollers. This permits annealing stainless steel strip at
such a high temperature as 6ver 950 °C. Since the strip
being heated is .nmot cooled by:ﬁhe:contact with the hearth
rollers, in addition, -the tem?eraturerof the Strip 1 rises-
quickly and tniformly 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'heérth
rollers, is a great advantage. ' |
The position of the lower end 7 of the free loop
being continuously annealed also is controlled by the
signals from the light ‘emitters 65 and 66 and light re-

- ceivers 67 and 68.
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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. 1In other words,
the lower end 7 of the.strip loop 6 stays below the light
emitter 65 and light receiver 67.

Then, the level of the lower 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 intercepting object
in the path of light at this level. In other words, ﬁher
lower .end 7 of the strip loop 6 stays above the light emit~-
ter 66 and light receiver 68.

According to the signals emitted by these detecting
means, the amount of strip fed by the charging side de- .
flector 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 stfip loop at a substantially steady
level, thereby permitting a substantially constantvlength
of strip to be held invariably in the heating chambef..

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.
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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 accuracy.

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, thué drawing a free loop
6 similar to a substantially perfeci catenéry'curve, under
the influence of gravity. If the heating burners were
disposed vertically and parallel to the walls of thé heat-~-
ing chamber, some of the burners would fail to bring flames
closé enough to the looped strip -l to.give,adequate heating,
whereas other burners would damage the strip 1 with di=-.
rectly 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 Squasﬁed
cylindrical form.

As stated previously, a number of heating burners:
55 are provided on both sides of the stiip 1oop 6 in the
heating zone 1l6a and soaking zone 16b of the heating cham-
ber 16. After circulating through the furnace, flames
are discharged through a plurality (four in the embodi-
ment illustrated) of combustion gas discharging ports 57.

This arrangement permits flames to flow equally

"throughout the entire width of the strip 1, both on’ the
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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 variatioa 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 tem-
perature difference b between the heating zone l6a 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 combustion 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.

Evea with the same heating cycle, however, there
arises a.large temperature difference c between the heating
zone l6a and soaking zone 16b as the line speed increases.
If the high-temperature combustion gas in the heatihé zope
16a is sent to the soaking zone 16b, the temperature in
the lower section of the soaking zone 16b becomes too high,
even if no fuel is burned in the soaking zone 1l6b, to at-

‘tain the desired annealing temperature. In such cases,




0085733
-22 -
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 57 are
provided not only in the upper part of the soaking zéne
16b but also in the upper part of the heating zone 1l6a.

If the combustion gas exhaust ports 57 are provided

only on one side of the furmnace, like the port 57a in Fig.

5, the stream of flames in the furnace would become un-
balanced, failing to .give uniform heating across the width
of the strip 1. Therefore, .at least one exhaust port is

provided on each side &6f the furnace.

To heat all parts of the furnace to the same de-
sired 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 condition:of
the furnace while the annealing line is stopped or shut ddwn._

Because of the need to guickly heat the strip 1 to

a high témperature, the heating chamber 16 is filled with

an oxidizing atmosphererat high temperature. If the strip
1 stops running in such an atmosphere,- it will'immedia£e1y
become extremely hot and oxidized and, consequently, have
to be cropped off. The princibal feature of this iqvention

lies in that the vertical continuous annealing furnace
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according to it 18 capable of avoiding such difficulty.’
According to this invention, the bogie 43 carries thé'sec—
ond furnace cover 41 outside the path line, bringing the
partition 47 inta the receding chamber 17 shown in figs.r
‘2'and 3 while allowing the strip i,to stay in its oxiginal
position. When thé secdnd fﬁrnace cover 41 has fully re-
ceded to allow the heating .chamber 16 to communicate with

the pre-chamber715 to form a single hollow space, the de-

flector pinch rolls 71 or 72 are actuated to raise the
lower end 4 of the strip loop ﬁo a point indicated by .

a broken line iﬁ 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 ﬁhe
heating chamber 16 to the pre~chamber 16 in an éxtrémely
short time. The clearances between the first furnace covér
21, front and rear walls 18 and second furnace coverA4l

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 atmosphere and

0085733
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radiant heat in the heating'chamber 16. All this contri-
butes 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 bé diséharged out of the heating chamber
16 by reversing the above-described procedure; .
Other Embodiments of the Furnace
Some other structures of the furnace will be de- !

scribed in the followiﬁg by reference to respective draw-

ings, in which similar parts are designated by the same
reference numerals that are used in Fig. 1. For the pur-
pose of simplicity, the pre-chamber and its associafed
systems are omitted in Figs. 10, 11, 15, 17 and 18.

In an annealing furnace of the type illustrated in
Fig. 1, the furnace proper 11l is divided by the partition
47 into the heating zone 1l6a and the soaking zone 16b.
In the pre-chamber 15, radiative heat transfer takes placé'
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 embodimen£ that follows, the first
furnace cover is provided with a vertically hanging par-
tition to separate the pre-chamber into two zones to mini-

‘mize the heat exchange between the incoming and outgoing
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strip. :
As shown in Fig. 7, a pre-chamber partition 82 hangs
down from substantially the center of the first furnace
cover 8l 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 éteategt-length allowable
within the range that it does not.interfere with the strip
in the aforementioned raised position.

Because of this structure, this embodiment-is par-
ticularly useful in applications in which strip of stain-
less or other special steel is annealed at a temperature
of 800 °C to 1,000 °C and then quénched from a temperature
of 750 °C to 800 °C. With the vertical continious anneal-
ing furnace, the cooiing'zbne is usually provided'Whefe
the étrip coming out of the furnace travels horizontally.
Placing the cooling zoné above Eﬁe furnace cpﬁld:creat?.-u
various troubles such as the ‘leakage of cooling water.

If the aforeéaid radiative heat trénsfer takes place be-
tween the incoming and outgoing strip in the pre—chémber

15 shown in Fig. 7, tﬁe temperature of the outgoing strip
becomes too low to maintain the temperature at which quench-
'ing is scheduled to start. Dividing the pre-chamber 15

by the pre-chamber partition 82 prevents such undesirable
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temperature drop and, thereby, assures the attainment of
the desired quality.
~ Dividing the pre-chamber 15 élso permits utilizing

the pre-chamber 15 as .part of the:soaking-zone, which; in
turn, enables reducing the height of the entire furnace.

With the veftiéal continuous annealing furnaces.
described so far, ‘the furnace éover or covers must be
changed from time to time, depending upon the kind of ap-
plication or whether the intended annealing;operation needs,
or need.not, the partition. Or otherwise, even such an-
nealing as essentially can dispense with the partition
is forced to be implemented with the partition in position,
with a resulting worsening in unit heat consumption. An-
other emboaiment described below comprises 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 par-
tition, adapted to be reciprocated by thé guide device,
is brought to the center of the path 1iﬂe 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 the chamber 86 to the

.heating chamber 16.
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The top 89 of the partition 88, which divides the
heating chamber 16 into the heating zone l6a 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, theipartition 88 is hung from the projections
91 in the furnace éover.ss in a laterally movable manner.
To the rear end of the partition 88 is connected a hydrau-
lic 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 1ll. |

When the intended annealing calls for thermally
separating the entry side from the exit side, the parti-
tion 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 reéeding
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 positién shown in Fig. 9 to the recedinyg~

position by use of transfer rollers 93 and a drive unit
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not shown.

The furnace structure just described assures com-
pactness, good workability, and highly efficient annealing.

An embodiment shown in Fig., 10 has a plurality of
furnace covers so that the length of the furﬁace walls
is variable as reqﬁired. This embodiment permits control-
ling the temperature of the strip being annealed, thereby
allowing effective utilization of heat energy and estab~
lishing 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 furﬁace proper 11 into the upper and lower sections at
a level substantially equal to one-half the height of the
furnace proper 11l. Like those described heretofore, the
furnace covers 103 and 108 are provided with 1oﬁg 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 servicé conditiqné aécoiding
to the kind of strip and productibn capacity required.

When a plurality of wvertical continuoﬁs:annealing,
furnaces, disposed in series; are -used fér 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
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zone. In this case, the furnace functioning as the heat-
ing zone ﬁeeds a partition to cut off the thermal influ-
ence between the incoming and outgoing strip. Serving as
the soaking zone, meanwhile, the rear furnape needs only
short partitions i96 and 1lll1l 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 longerrthan the heating
time, the partition in the front furnace is sﬁortened, with
the partition of the rear furnace withdrawn in the re- -
ceding chamber (not shown). |

Evidently, this embodiment offers-a great advantage

allowing various types of annealing under different condi-

tions. Fig. 10 shows an embodiment with two furnade 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 thé“furnace is hollow and no pres—

sure.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
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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 pro-~
perty. Ceramic fiber is a good example. Yet, the furnace
walls of fragiie 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 pro-
tected against such damages.

In an embodiment shown in Figs. 11 and 12, the fur-
nace wall 115 is lined with ceramic fiber 116, with a num-
ber of small square-pillar-~like refractory bricks 117 im-
planted. These refractory bricks 117 are spalling-proof.

Fig. 13 shows an embodiment in which the square-
pillar-like refractory bricks 117 are mixed with a hori-
zontal plate~like refractory brick 118. Fig. l4_shows an
embcdimént 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 ana 119
implanted on the furnace walls 115 must be held to a mini-
mum within the reasonable limit. : This'is bécause the heat;'
insulating property of the spalling-proof refractory brigks
117, 118 and 119 is .lower than that of the ceramic fiber
'116. The greater, therefore, the area occupied by..the

.spalling-proof refractory bricks, the greater will be the
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heat loss. On the other hand, if the number of bricks is

reduced excessively to leave overmuch spaces therebetween,

it becomes no longer possible to prevent the contact of
the weaving strip 1 with the ceramic fiber i16. Preferably,
therefore, each furnace wéll 115 should have two vertical
rowsAof bricks, eaéh row comprising-ten-odd bricks. Even
if the bficks a&e 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

1l is at all times kept out of contact with the fragile
ceramic fiber 116 even when it comes ihuocontact 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 fhé thermaladeformatién of the strip :
itself, the weaving of the free loop 6 owing to various
caﬁses, and so on. Supported by the square—pillarelike
refractory bricks 117, horlzontal plate llke refractory
bricks 118 or vertical plate—llke refractory brlcks 118,
the free loop 6 of the strip 1 does nothing more than run-
ning 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
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thermal spalling.

Cooling Control on Exit Side

The strip coming out of the annealing furnace re-
tains an extremely high temperature. Stainless and other
special steels must attain, after cooling, more delicate
metal structures than:plain carbon steel. AIl 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 de-
tecting 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 cdoling
device, provided on the exit side of the continuous an-
nealing furnace, predicts the temperature and cooiing rate
iﬁ each .section of the strip, and then controls thé operé—
tion, or, more-specifically, the zone and guantity of water
spray where water is used as the cooling medium, in the
following cooling zone.

As shown in ¥ig, 15, a radiation pyrometer 122 éo
measure the surface temperature of the strip 1 is provided
on the exit side of a vertical continuous annealing fur-
nace 121. A thermometer 123 to measure the temperature

.0f the outside atmosphere is provided above the furnace

i
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121. A line-speed detector 124 follows the exit~side de-
flector pinch rolls 72,

A cooling device 125, which follows the line-speed
detector 124, is equipped with c¢ooling water sprays 126
disposed in four stages:.along the path line. Each stage -
consists of paired'sprayé 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 6n-
off valvé 127, to the operating part thereof is supplied
the compressed air fiom an air source 129 through a sole-
noid 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

valve 131.

To an arithmetic unit 133 that .determines the op- .

erating section in .the ‘cooling zone and :.controls the total
flow rate of cooling water is connected the radiation pyro-

meter 122, outside atmosphere thermometer 123, line~speed

detector'124, and total flow-rate rate detector 130. To

this arifhmetic control unit 133 is alsorconnected a de-
vice £ha£ sets ﬁhe 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
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into the total flow-rate regulating valve 131 through a
controller 135. The signals from the total flbwiiaté
detector 130 are fed back to the controller 135,

Now the operation of this device will be described.

| The radiation .pyrometer 122 measures the éxactrtem-

perature of.the stfip lrcoming out of the annealing fur— ¢
nace 121 and supplies the obtained temperature informétion
to the arithmetic control unit 133. At the same time, thé
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
airthmetic control unit 133,

Based on the information thus supplied, the arith-
metic . control unit 133 controls the coolipg device 125,
More specifically, the arithmetic control unit 133 deter-
mines the number and section of the cooling water sprays
126 that must be put into operation as well as the guan-
tities of water-to be sprayed in each section and the
whole cooling zone.

Based on the result of this arithmetic calculation,
the on-off valve 127 and solenoid valve 128 connected to

.each cooling water spray 126 are actuated. The total
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flow-rate detector 130 grasps the flow rate that changes
from moment to moment. If there arises any discrepa£cy
" between the flow rate thus measured and the result of
calculation made by the control unit 133, correctidn sig-
nal is sent through the total flow-rate controller 135 to
the total flow—raté regulating'valve 131 to éontrﬁl the
actuai flow réte. B

The type of éteel, thickness of strip, kind of metal
structure desired and other data are inputted, as required, ]
in the data setter 134. Combined with the travel speed
and témberature:ofuthe strip coming out of the annealing
furnace 121 and.the,temperéture‘of:the outside atmosphere,
these ‘data are used for the calculation of the.optimum
cooling condition according fo which the cooling section
and water flgw—rate are controlled to achieve the mostref—
'ficiént cooling. | | |

Fig. 16 is a flow chart showing the process of axith—
metic calculation performed by the arithmetic control unit
133. By using the preset values M (type of steel) and t
(fhickness of strip) and the measured values Ts (tempera-
‘ture of strip), Ta (temperature of outside atmospheré) and
V (line speed), the control unit 133 determines, from equa-
tion 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
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as the starting point of cooling. Next, the number of Q;
cooling sections put in operation n is determiﬁed‘in order
to satisfy the preset range of necessary,co;ling 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 ré-
sistivity of the sﬁbsequent eqﬁipment. Then, the heat
tfanéfer rate o 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 passing the
strip through more.than one vertical continuous annealing
furnaces arranged in series. More effective annealing
can be attained by making the miaﬂfurnace partition shorter
in the downstream furnace than in the upstream furnace.

Fig. 17 shows an example of such a multi-series
type vertical continuous annealing f&rnace. Each of .the
furnaces 141, 145 and 149, disposed in series at sﬁitable
intervals, is covered with a furnace cover 143, 147 and

151 having a vertical partition 144, 148 and 152, respec-

. tively. The structures of the furnace propers 142; 146
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and 150 and the furnaces covers 143, 147 and 151 are ba~-
sically the same as those described before. 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 l4i through-the heating and soak-

ing zones of the furnace 145, and then through the furnace

149, : ' | | ' R

The example shown in Fig. 17 uses three vertical
continuous anneaiing furnaces di5poséd in éeries, but sim- E
ilar 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 makihg the length £2 of the §
partition 148 in the furnace 145 shorter than the length |
£, of the partition i44 in the preceding furnace 141, ahd,-
'similarly, the length £3 of the partition 152 in the 1as£
furnace 149 shorter than the length £2.' '

This invention is not 1imited'to the embodiménﬁ
illustrated but is applicable.to all combinatiéns contain-
ing two or more vertical .continuous annealing furnaces,
with the relationships among the partition lengths main-
tained as Ll > £2 > £3 «e... This invention holds good

‘when, for example, £2 and £3 are zero, that is, when no
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mid-furnace partition is provided, as well.

With this arrangement, the furnaces 14i 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 produc-
t;on. In this casé,'the soaking zane 16b 6f the furnaces .
141 and 145 sexrves as the second heating zone, whereas the
heating zone léa and the soaking zone 16b of the furnace
149 serve as the first and second soaking zones,.respec—
tively.

With a heating cycle in which ﬁeating 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 temperature. In this case, the partitidn is eésential i
to keep the high-temperature strip away from the low-
temperature strip. In the downstream furnaces used mainlyl
for soaking, the incoming strip differs little in tempera-
ture from the outgoing strip as a result of ﬂeating in the
preceding furnace. So the partition, which is indispen-
sable in the foremost furnace, need not be provided in |
the subsequent furnaces,

Where soaking time is shorter than heating time,

‘*an adequately long paréition must be provided in the up-
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stream furnace, whereas the partition in the downstream

furnace need not be so long; any length adequate for heat-

ing will suffice.

Thus, this invention enables the most effective
utilization of heat energy with any desired heatiﬁg pattern.
The -furnaces with shorter or no bartitidns offer many com-
mercial advantages, such as the saying in'capital invest-
ment and eﬁhancement of maintainébility.

With the multi-séries vertical continuous annealing
furnace described above, the strip in transit from one
furnace .to another is cooled by the outside air, creating
such problems that heat energy is lost, the desired stfip
temperature is'notgbﬁféihéd, and so on. To solve these '
problems, an embddiﬁent described in the followingrhas a
refractory-linea holding. cover to enclose the exposed
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 openéd 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 sec‘;:ion. The
structure of each furnace 153 is basically the same as
that described before. The holding cover 157 contains a

‘U-shaped strip passage 158 along which paired guide rollers
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159 are provided to support the strip 1 from both sides.

The external wall 161 of the holding covef 157 is
made up of a horizontal member 162 and preceding and-fol~
lowing curved members 163.‘ The internal wall 168 of the
holding cover 157 is U-shaped in cross séction. Shaped-
like"a'groove.asssﬁown in Fig. 19, thevexternal w#ll 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.Figy 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 longifudinally 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 iﬁs front
and rear ends. The internal wall 168 is mounted via the
wheels 169 on rails 170 léterally 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 anneal-
sing furnaces 153 are arranged in series assdescribgd abové,

the strip 1, guided by the guide rollers 71, enters the
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furnace through the long narrow opening 156 in the furnace
cove£'154. Forming a free loop 6, the strip 1 is heated
and soaked in the 2zones divided by the vertical partition
155, and discharged thréugh the long narrow openiﬂg 156.
Guided by the guide rollers 159 in the,holding’cover 157,
the strip 1 travels further into the next vertical conti-
nuoué-annealing furnace 153.

' This furnace arrangement permité continuously an-
nealing the Strip that has been heated and soaked at high
temperatures in the preceding furﬁace, without briﬁging

it into direct contact with the low-temperature atmosphere
when the strip comes out of the furnaée.through the slit--
like discharging port. Accordingly, this prevents the
temperature drop and:quality deterioration of'the strip

as well as assures the desired temperature control and
heat treatment. | _

" When the need arises to inspect and Yepair the fur-
nace 6r service the guide rollers, their bearings and the
like, easy access to theﬁ'can be gained by mdving the

hélding cover 157 out of the path line, opening the hofi—
| zéntal ﬁeﬁber 162 as shown in Fig. 19, and opening the
curved members 163 as indicated by a broken line in Fig.

18.
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What is claimed is:

1. A vertical continuous annealing furnace which heats and
anneals a strip (1) of steel being charged and discharged
through slit-like charging and discharging ports jin 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 {(12; 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 (12; 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 slidable and having

a vertically hanging partition (47; 88; 111) to divide the
heating chamber (16) into a heating zone (16a) and a soak-
ing zone (16b).

2. A vertical continuous annealing furnace, comprising:

a) a furnace body (11) having a furnace mouth (12; 101)
opening upward in the top thereof, the furnace mouth
(12; 101) admitting a steel strip (1) into the furnace,
the strip (1) forming a catenary-like loop (6) therein;

b) a first furnace cover (21; 81; 103) horizontally mounted
on the top of the furnace body (11) so as to close said
furnace mouth (12; 101), the first furnace cover (21; 81;
103) being laterally slidable with respect to the furnace
body (11) so as to open and close the furnace mouth (12;
101) and having two long narrow openings (25; 26) later-
ally extending from one side to the other thereof and
longitudinally sspaced so "that "the descending and ascend-
‘ing portions of the strip (1) can pass therethrough;
and

c) a second furnace cover (41; 85; 108) horizontally
spaced below said first furnace cover (21; 81; 103) so

as to divide the furnace body (11) into an upper pre-
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chamber (15) and a lower heating chamber (16), the
second furnace cover (41; 85; 108) being laterally
slidable so as to permit the two chambers (15, 16)

to be cut off and connected as required, having two

long narrow openings (45, 46) laterally extending from
one side to the other thereof and longitudinally

sééced so that the descending and ascending portions

of the strip (1) can pass therethrough as well as a
partition (47; 88; 111) extending from the under surface.
thereof to near the bottom of the furnace to vertically
divide the heating chamber (16) into a heating zone (16a)
and a soaking zone (16b).

3. A furnace according to claim 1 or 2, in which a plura-
lity 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 (55) on'one side of the strip (1)
béing held aslant with respect to those on the other side.

4. A furnace according to any of claims 1 to 3, in which
at least one combustion gas exhaust port (57) 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 1 to 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.

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

any of claims 1 to 6, in which a plurality of second fur-
nace covers (108) are provided in the furnace body (11)

so that the heating chamber (16) is divided into a plura-
lity of horizontal sections.

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

9. A ‘furnace according to

.

any of claims 1 to 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) lo-
cated right above said long narrow opening (25, 26) to -
allow the passage of the strip (1).

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

comprises:

a) means (123) detecting the temperature of the atmosphere
outside the furnace (121), said detecting 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 disposed on the exit
side of the furnace (121);

c) means (124) detecting the travel speed of the strip (1),
said detecting means (124) being disposed on the exit
side of the furnace (121);

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

¥) ~means :{133) ¢selecting.a coolingesection that is-put into
operation to cool ‘the strip (1) to the desired tempera-
ture and controlling the quantity of water sprayed accord-

ing to signals supplied from the individual detecting
means (122~124, 130).
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11. A furnace arrangement comprising a.plurality 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 out-
let of one furnace (153)'and the inlet of the adjacent
downstream furnace (153) and being laterally slidable so as

to open the outlet and inlet of the connected furnaces
(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 bbdy.

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 furnace
-cover (21;+81; *103) rout of -the path line of the 'strip
(1) , -with the <Jheating .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
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the path line; and
d) charging the strip (1) into the heating chamber (16).

15. A method according to claim 14, characterized 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)
comprising at least one light emitter (61, 62) and light
receiver (63, 64), respectively.

17. A method according to any of claims 14 to 16, charac-
terized in that the travel speed of the strip (1) is
automatically regulated according to signals from a plurali-
ty of vertically spaced detecting means near the lower

end (7) of the strip loop (6) in the heating chamber

(16) , each detecting 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, charac-
terized in that the flow of combustion gas is controlled
according to the heating cycle being applied by means of
a damper (58) provided 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).
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