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ABSTRACT OF THE L '

A seal roll apparatus and method hermetically seals boundaries between a
plurality of heat-treating sections for continuously heating and cooling a strip material
in a continuous héat-treatment furnace. The seal roll apparatus includes a seal roll
room including at least a pair of Water-cooled seal rolls 0pposed to each other with a
gap therebetween for passing the strip material, and partitions having an opening for

passing the strip material, a partition being provided at the inlet side and at the outlet

side of the seal rolls.
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SEALING APPARATUS IN CONTINUOUS HEAT-TREATMENT
FURNACE AND SEALING METHOD

DACKOROUND OF 1HE INVEN11O]

1. Field of Invention

The present invention relates to a seal roll apparatus for preventing
atmospheric gases from leaking out of the heat treatment zone in a continuous heat-

treatment furnace for continuously heat-treating a workpiece strip, such as a steel strip

or an aluminum strip, and to a sealing method.
2. Description of Related Art

A continuous heat-treatment furnace. basically includes a heating zone in
which a workpiece strip is heated to a predetermined temperature for annealing -
treatment and a cooling zone in which the annealed workpiece is cooled down to room

temperature. Fig. 3 1s a diagram showing a typical example of a continuous heat-

treatment furnace for a cold-rolled steel strip. The following elements are disposed in
the continuous heat-treatment furnace in the following order: a pre-heating section 15
for pre-heating a steel strip S by recovering and heat-exchanging usable heat of
exhaust gases from a heating section 14, the heating section 14 for heaﬁng thé steel
strip S to a predetermined temperature, a soaking section 16 for soaking the steel strip
S which has been heated to the predetermined temperature, a slow-cooling section 17

for slow-cooling the soaked steel strip S, a rapid-cooling section 18 for rapid-cooling

the slow-cooled steel strip S, an over-aging section 19 for over-aging treatment, and a
final cooling section 20 for finally cooling the steel strip S down to room temperature.
The pre-heating section 15, the heating section 14, and the soaking section 16

constitute a heating zone, and the slow-cooling section 17 through the final cooling
1
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section 20 constitute a cooling zone.

The cold-rolled steel strip S which has been subjected to work hardening is
passed through the individual treatment sections by a hearth roll 21 mounted in the
furnace. When a workpiece that does not require over-agihg treatment is subjected to
heat treatment, the over-aging section may be used as a slow-cooling section.

The product quality is damaged if the surfaces of steel strips are oxidized
during annealing treatment. Therefore, in a continuous heét-treatment furnace, the
furnace is generally filled with a nonéoxidizing atmospheric gas by providing gas feed
channels 22a to 22f and gas discharge channels 23a to 23g in the individual treatment
sections. A mixed gas (HN gas) of hydrogen gas and nitrogen gas has been used
generally as the atmospheric gas in the continuous annealing furnace.

In the continuous heat-treatment furnace, different atmospheric gases may be
used in adjacent treatment sections in the heating zone or 1n the cooling zone when
heat treatment 1s performed.

For example, with an aim of improving the aging of low carbon steels, a
method is disclosed in Japanese Examined Patent Publication No. 55-1969 or
Japanese Unexamined Patent Publication No. 6-346156 in which, in order to increase
the cooling rate in the rapid-cooling section before over-aging treatment, the heat-
transfer coefficient is improved by increasing the hydrogen content in a cooling gas
that is cyclically used in the rapid-cooling section.

In accordance with the processes disclosed in the above patent publications, if

an atmospheric gas having a high hydrogen content in the rapid-cooling section leaks
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Into the adjacent slow-cooling section or into the over-aging section, a large amount
of hydrogen gas must be fed so that the high hydrogen content in the rapid-cooling

section is maintained. Therefore, there is a need for a sealing apparatus which avoids

-mixture of atmospheric gases having different compositions between the rapid-

cooling section and the slow-cooling section and between the rapid-cooling section
and the over-aging section.

Fig. 4 1s a schematic diagram showing an example of a seal roll apparatus
which has been conventionally used for shutting off aﬁospheric gases in a continuous
heat-treatment furnace. As shown in Fig. 4, seal rolls 24a and 24b are disposed so as

to be opposed to each other with a steel strip S therebetween, and a partition 25 is

disposed in the vicinity of the seal rolls in order to improve the sealing properties.

- The steel strip S passes through a space (hereinafter referred to as "a roll gap")

between the seal rolls 24a and 24b. The roll gap is adjusted to be as small as possible
to improve the sealing properties, and each seal roll rotates (driven by motors M) so
that scratches do not occur on the surfaces of the steel strips even when the travelling

steel strip and the rolls are in contact with each other.

As a means for sealing atmospheric gases, an alternative to the seal roll
apparatus described above, for example, a bulkhead structure is disclosed in J apanese
Unexamined Patent Publication No. 5-125451. The bulkhead structure is disposed at
the boundaries between atmospheric gases having different compositions and also
functions as a plurality of treatment rooms enabling the feeding and discharging of

atmospheric gases having different compositions. A seal roll apparatus is disclosed in
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Japanese Examined Utility Model Publication No. 63-19316 in which sealing
members are disposed so as to be in contact with both surfaces of a steel strip. In
Japanese Unexamined Patent Publication No. 59-133330, an apparatus is disclosed in
which seal rolls, blowing nozzles, and seal dampers are combined.

However, there are probléms in the conventional sealing apparatus as follows.

Although the contact-type sealing apparatus have excellent sealing properties,
scratches may occur on the surfaces of the metal strips.

With respect to the gas sealing apparatus, although scratches do not occur on
the surfaces of the metal stn'ﬁs because of the non-contact sealing structure, since the
sealing gas must always be fed at a certain rate, the consumption of gas is increased.
Additionally, in érder to maintain sealing properties, thé gas feeding must be
controlled with high precision, resulting in a high cost of equipment.

In seal roll apparatus in which a steel strip is brought into contact with rotating
seal rolls, such drawbacks associated with the above apparatus are not observed.
Therefore, such seal roll apparatus are advantageous for practical use. However, since
thermal expansion of seal rolls is unavoidable due to radiation heat from the steel
strips or furnace walls or due to convective heat transfer through the atinospheric
gases, there is a limit to narrowing the roll gap between the seal rolls, and thus

atmospheric gases are not sufficiently shut off.
Figs. SA through 5C schematically show a seal roll apparatus in which a steel

strip S is brought into contact with rotating seal rolls. When seal rolls 24a and 24b are

subjected to radiation heat from the high-temperature steel strip S undergoing
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annealing and from the furnace wall, thermal expansion having a non-uniform
temperature profile (hereinafter referred to as "a thermal crown") is caused in the roll
barrel direction of the seal rolls 24a and 24b. Thus, it is difficult to maintain a
minimum gap between the seal rolls 24a and 24b in the roll barrel direction.

In order to eliminate the effect of the thermal crown, a certain distance must be
maintained between the seal }'olls and é partition 25 for separating the individual
reaction sections.

Moreover, when the roll gap between seal rolls i1s narrowed, the seal rolls are
Operated in an aftempt to prevent scratches from occurring even if a steel strip and the
seal rolls are brought into contact with each other. However, unless the peripheral
velocity of the seal rolls and the conveying velocity of the steel strip coincide with
each other, scratches unavoidably occur on the surfaces of the steel strip.

The probability of scratches increases as the roll gap l;etween seal rolls 1s
decreased and the opportunity for contact between the seal rolls and the steel strip
Increases.

Normally, the peripheral velocity of the seal rolls is set to be equal to the value
obtained by multiplying a measured rotational frequency of a conveyor roll by a
circumference calculated from the diameter of the conveyor roll that has been
preliminarily input to a controller. However, since the hearth conveyor roll in the
heating zone is subjected to a high-temperature atmosphere, the actual roll diameter 1s
larger than the roll diameter preliminarily input to the controller due to thermal

expansion. Therefore, the actual conveying velocity of the steel strip is faster than the

........ -
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set peripheral velocity of seal rolls. The difference between the set seal roll peripheral

velocity and the steel-strip conveying velocity increases as the rotational frequency of

the hearth conveyor roll is increased, that is, as the conveying velocity is increased.

SUMMARY FHE INVENLIC

In accordance with one aspect of the present invention, a seal roll apparatus
that hermetically seals boundaries between a plurality of heat-treating sections for
continuously heating and cooling a strip material in a continuous heat-treatment
furnace, is provided with at least a pair of water-cooled seal rolls opposed to each
other with a gap therebetween for passing the strip material. P.referably, the water-
cooled seal rolls are provided in a. seal room defined by partitions having an opening
for passing the strip material, a partition being provided in each of the inlet side and
the outlet side of the seal rolls.

Water-cooling the seal rolls enables the temperatures ’of the seal rolls to be
controlled, enabling them to be placed closer together. The pair of partitions shield
the seal rolls from being direcﬂy subjected td radiation heat from heat sources and the
furnace walls, thus further improving the ability to control the temperature of the seal
rolls. This effect is further increased when the partitions are water-cooled.

Consequently, the sealing properties can be improved without éausing
deterioration in the quality, such as scratches, on the surfaces of the passing strip

matenial.

Moreover, since the seal roll peripheral velocity preferably is set based on the

measured surface temperature of a hearth conveyor roll placed very close to the seal
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rolls, the difference in velocity between the peripheral velocity of the seal rolls and the
conveying velocity of the strip material can be reduced substantially to zero, thus
avoiding the occurrence of scratches which may lead to deterioration in quality.
BRIEF DESCRIPTION OF THE DRAWINGS
The 1nvention will be described in conjunction with the following drawings in
which like reference numerals designate like elements and wherein: .

Fig. 1 1s a schematic diagram showing a seal roll apparatus in accordance with

an embodiment of the present invention;

Fig. 2 1s a graph that cdmpares the seal roll surface temperature in the present

invention with that in a conventional example;

Fig. 3 identified as "prior art”, iIs a diagram showing a structure of a
continuous heat-treatment furnace;

Fig. 4 identified as "prior art”, iIs a schematic diagram of a conventional
seal roll apparatus; and

Figs. SA through 5C identified as "prior art”, illustrate the state in which

thermal crowns occur in seal rolls.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The present invention provides a novel seal roll apparatus in which the
sealing properties are increased without causing scratches that adversely affect
the quality of a workpiece.

More specifically, the invention provides a seal roll apparatus that seals

-boundaries between heat-treating sections in a continuous heat-treatment

furnace provided with a plurality of heat-treating sections for heating and/or
cooling a continuously-passed strip material in sequence. The seal roll
apparatus according to the invention as claimed basically comprises:
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a seal roll room including partitions having an opening for passing the
strip material, one of the partitions provided at an inlet side of the seal roll room
and another one of the partitions provided at an outlet side of the seal roll room,

at least a pair of water-cooled seal rolls that are opposed to each other
with a gap therebetween for passing the strip material in the seal room between
the partitions; and

a controller that sets and controls a peripheral velocity (V SR) of the seal
rolls in accordance with the foliowing equations:

VGrR =Vg x(1+R) Equation (1)
R=AxaxT+B Equation (2)

where VgR is a set peripheral velocity (mpm) of the seal rolls, Vg is a velocity

(mpm) of a hearth conveyor roll placed close to the seal rolls and is equal to a
measured rotational frequency of the hearth conveyor roll times a circumference
of the hearth conveyor roll measured at room temperature, R is a seal roll
peripheral velocity forward slip, T is a surface temperature (°C) of the hearth
conveyor roll, o. is a coefficient of thermal expansion of the hearth conveyor roll,
and A and B are constants.

The invention also provides a method for sealing a continuous heat-
treatment furnace, comprising the steps of:

sealing boundaries between a plurality of heat-treating sections in the
continuous heat-treatment furnace with locating the at least one pair of rotating,
water cooled seal rolls in a seal roll room including partitions having an opening
for passing the strip material, one of the partitions provided at an inlet side of the
seal rolls and another one of the partitions provided at an outlet side of the seal
rolls; and

setting and controlling a peripheral velocity (VgRr) of the seal rolls in

accordance with the following equations:

VGr=Vg x (1 +R) Equation (1)
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R=AxaxT+B Equation (2)

where VgR is a set peripheral velocity (mpm) of the seal rolls, Vg is a velocity

(mpm) of a hearth conveyor roll placed close to the seal rolls and is equal to a
measured rotational frequency of the hearth conveyor roll times a circumference
of the hearth conveyor roll measured at room temperature, R is a seal roll
peripheral velocity forward slip, T is a surface temperature (°C) of the hearth

conveyor roll, a is a coefficient of thermal expansion of the hearth conveyor rol,

and A and B are constants.

Advantageously, the seal rolls may be provided with a roll gap adjuster
for changing the roll gap in response to the thickness of the strip material.

In one embodiment of the present invention, for example, since a seal roll
room is formed by disposing a partition both at the inlet side and at the outlet
side of seal rolls, the seal rolls are not directly subjected to radiation heat from
heat sources and furnace walls.

In another embodiment of the present invention, for example, channels
are provided in shells of the rolls, and the rolls are cooled by continuously
passing cooling water through the channels. Thus, thermal expansion of the rolls
due to radiation heat from the steel strip passing through the rolls is suppressed.
Consequently, since the thermal crown is reduced and non-uniform thermal
expansion of the seal rolls in the roll barrel direction does not occur during the
continuous annealing operation, a smaller roll gap between the seal rolls can be
stably maintained in comparison with the conventional apparatus. Since the
distances between the seal rolls and the partitions do not vary greatly during
operation, the distances can be decreased, thus improving the sealing
properties.
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Moreover, since the set peripheral velocity of the seal rolls is calculated after
an increase in the hearth conveyor roll diameter is compensated for using either the
surface temperature of the hearth conveyor roll placed very close to the seal rolls or
the temperature of the strip material very close to the hearth conveyor roll, slipping
does not occur between the seal rolls and the strip material, and the distances bétween
the seal rolls and the strip material can be shortened.

When a seal roll apparatus is used in a higher-temperature atmosphere, in
addition to the deformation of the seal rolls due to thermal expansion, the heat
deformation of partitions may give rise to a problem. In such a case, the heat
deformation may be prevented by constructing water-cooled partitions, for example,
using water cooling tube 30 in the partitions as shown in Fig. 1.

The present invention will be described in more detail with reference to the
drawings.

Fig. 1 is a schematic diagram showing a seal roll apparatus in accordance with
one embodiment of the present invention. Numeral 1 represents a strip material (steel
strip) to be heat-treated, numerals 2a and 2b represent passages for connecting
adjacent heat-treating sections, and numeral 3 represents a seal roll apparatus disposed
between the passages 2a and 2b. The seal roll apparatus 3 is provided with water-

cooled seal rolls 3a and 3b. Partitions 4a and 4b are provided with an opening for
passing the material 1, and are disposed at the inlet side and at the outlet side of the

seal rolls 3a and 3b, respectively, to constitute (define) a seal roll room (or chamber).

Numerals 5a and 5b represent roll gap adjusters for adjusting a roll gap between the

10
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seal rolls 3a and 3b. Hydraulic cylinders or the like may be used as the roll gap
adjusters 5a and 5b. The roll gap between the seal rolls 3a and 3b is calculated by a
seal roll gap calculator 6 based on the sheet thickness data of the material 1 and the
tracking data of the material in a continuous heat-treatment furnace, and in accordance
with the calculation, a seal roll gap controller 7 drives the roll gap adjusters 5a and 5b.
Numeral 8 represents a hearth conveyor roll. A roll rotational frequency
detector 9 detects the rotational frequency of the hearth conveyor roll 8. A maternal-
conveying velocity calculator 10 calculates the conveying velocity of the material
based on the rotational frequency of the hearth conveyor roll 8. A seal roll peripheral
velocity controller 11 controls the peripheral velocity of the seal rolls, and the values

calculated by the material-conveying velocity calculator 10 are output to the controller

11. A roll surface temperature detector 12 detects the surface temperature of the
hearth conveyor roll 8. A calculator 13 calculates a set peripl;xeral velocity of the seal

rolls 3a and 3b based on the detected temperature (detected by detector 12), and the

calculated value is output to the controller 11.

If there is a difference in velocity between the peripheral velocity of the seal
rolls 3a and 3b and the conveying velocity of the material (steel strip) 1, it 1s not
possible to avoid the occurrence of scratches on the front and back surfaces of the
material 1. Therefore, according to one aspect of the present invention, a peripheral

velocity Vg of the seal rolls is set in accordance with the following equations (1) and

(2) so that the difference in velocity approximates zero.

Ve = Vs x (1 +R)..... Equation (1)

11
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R=AxaxT+B..... Equation (2)

- where Vg is the set peripheral velocity (mpm) of the seal rolls, Vy 1s a velocity (mpm)

of a hearth conveyor roll placed very close to the seal rolls (Vg is equal to a measured
rotational frequency of the hearth conveyor roll placed very close to the seal rolls x a
circumference of the conveyor roll measured at room temperature), R is a seal roll
peripheral velocity forward slip, T is a surface temperature (°C) of the hearth conveyor
roll placed very close to the seal rolls, « is a coefficient of thermal expansion of the
hearth conveyor roll placed very close to the seal rolls, and A and B are constants.

The parameter R in the equation (1) is a seal roll peripheral velocity forward
slip, and by adding the value derived from equation (2) to the peripheral velocity, the
difference in velocity between the peripheral velocity of the seal rolls and the
conveying velocity of the material can be reduced substantially to zero.

In order to enhance the sealing properties by continuoﬁsly maintaining a given
distance between the seal roils and the material, the roll gap between the seal rolls
may be adjusted by the adjusters 5a and Sb in response to the sheet thickness of the

material, using the material sheet thickness data and the tracking data of the passing

material.

An embodiment will be described in which a seal roll apparatusx in accordance

- with the present invention is applied to a continuous annealing furnace for a cold-

rolled steel strip and high-concentration hydrogen gas is used in the rapid-cooling

section.

In the continuous heat-treatment furnace, an atmospheric gas having a high

12
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hydrogen concentration (hydrogen 40 vol%, the remainder being nitrogen) is used in
the rapid-cooling section and a low hydrogen-concentration gas (hydrogen 4 vol%, the
remainder being nitrogen) is used in the other sections. At the inlet and outlet of a
rapid cooling section, the high hydrogen-concentration gas used in the rapid-cooling

section must be prevented from leaking. Although the high hydrogen-concentration

gas is cyclically used in the rapid-cooling section, if a leakage of hydrogen gas from

the seal roll apparatus is increased, a large amount of hydrogen gas must be fed in
order to maintain the high hydrogen concentration in the rapid-cooling section. Thus,

excellent sealing properties are required.

In an example of the present invention, the operational conditions were as

follows:

Continuous heat-treatment furnace: continuous annealing furnace for a cold-
rolled steel stnp in which high hydrogen-concentration gas was used in the rapid-
cooling section. .

Installation of seal roll apparatus: a seal roll apparatus having a structure as
shown in Fig. 1 was placed at the boundary between the slow-cooling section and the
rapid-cooling section.

Size of steel strip: thickness at 0.8 mm

width at 1,200 mm
Temperature of steel strip at the outlet of the heating section: 780°C
Steel strip-conveying velocity: 300 mpm

Hearth conveyor roll diameter: 1,200 mm

13
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Seal roll diameter: 300 mm (water-cooled)

Seal roll gap: 4.8 mm .

Distance between seal roll and partition: 2.0 mm

The surface temperature of the steel-strip conveyor roll placed very close to
the seal rolls was measured with a thermocouple embedded in the surface of the roll.
In place of the thermocouple, for example, a radiation thermometer may be used.

In order to observe the temperature profile of the seal roll surface when the

steel strip was continuously passed under the operational conditions described above,

a thermocouple was embedded in the surface of the seal roll to measure the

temperature. With respect to a conventional seal roll (without water-cooling; with a
diameter of 300 mm and other conditions the same as the above), the temperature
profile of the seal roll surface was also obtained as a comparative example.

Fig. 2 shows the results of the measurements. As is clear from the graph, in
the water-cooled seal roll, the thermal crown is decreased because the roll temperature
is decreased by approximately 350°C at maximum (resulting in an approximately 2
mm difference in the roll diameter) in comparison with the conventional seal roll
without water-cooling.

In order to confirm the effect of setting the seal roll peripheral Velocity
forward slip, the presence or absence of scratches on the surfaces of steel strips waé
investigated both in the case of setting the seal roll peripheral velocity while taking
the forward slip into account in accordance with the present invention, and in the case

of setting the seal roll peripheral velocity without taking the forward slip into account

14
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as had been done conventionally. In each case, the seal roll gap was set at 4.8 mm,

and the ratio of the total length of scratches to the total length of the steel strip was
observed. In the conventional case, the rate of scratch occurrence was 0.43% (86 m :
20,000 m). In the case according to an embodiment of the present invention, no
scratch was observed.

That is, when a seal roll gap is narrowed by using water-cooled seal rolls, the
probability of contact between a steel strip and the seal rolls increases, and thus, if
there is a difference between the seal roll peripheral velocity and the steel-strip
conveying velocity, scratches occur on the surfaces of the steel strip. On the other
hand, in accordance with one aspect of the present invention, since the seal roll
peripheral velocity is set in consideration of thermal expansion of the steel-strip
conveying roll placed very close to the seal rolls (in accordance with equations (1) and
(2)), the difference in velocity between the peripheral velocit); of the seal rolls and the

conveying velocity of the steel strip can be reduced substantially to zero, and as a

result, the rate of scratch occurrence can be zero.

In the continuous heat-treatment furnace using an atmospheric gas having a
high hydrogen content (hydrogen 40 vol%,‘ the remainder being nitrogen) in the rapid-
cooling section and an atmospheric gas having a low hydrogen content (hydrogen 4
vol%, the remainder being nitrogen), the consumption of hydrogen gas can be reduced
approximately to half of that in the conventional seal roll apparatus without water-
cooling, with a seal roll gap of 12.0 mm, in which a seal roll peripheral velocity

forward slip is not set. Thus, the consumption of hydrogen gas in the continuous heat-

15
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treatment furnace provided with the rapid-cooling section using a high hydrogen-

concentration gas can be significantly reduced.

In the example, although the surface temperature T of the hearth conveyor roll

placed very close to the seal rolls is used when the seal roll peripheral velocity

forward slip is calculated in consideration of the thermal expansion of the hearth

conveyor roll, as the temperature T, as an alternative, the temperature of the steel strip

measured very close to the hearth conveyor roll may be used. The reason for this is
that in view of the state of the steel strip placed around the hearth conveyor roll and
the high thermal conductivity of the metal, the surface temperature of the hearth ‘
conveyor roll and the temperature of the strip material in contact with the hearth
conveyor roll are considered to be substantially the same. Therefore, even if there is
no means for directly measuring the surface temperature of the hearth conveyor roll,
by measuring the temperature of the steel strip with a radiatioil thermometer or the
like, a peripheral velocity of the seal rolls can bé calculated in accordance with an
aspect of the present invention.

In order to enhance the sealing properties by narrowing the seal roll gap, the

seal roll gap must be controlled with precision in response to the thickness of the

passing steel strip. In accordance with an aspect of the present invention, an adjuster

is provided for adjusting the seal roll gap. For that purpose, an electric motor, €.g.,

may be used as an actuator.

Although the seal roll apparatus in accordance with the present invention used

for a continuous heat-treatment furnace provided with the rapid-cooling section using

16
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high hydrogen-concentration gas has been described, the present invention may also
be applied to a continubus annealing furnace for hot-dip galvanized steel sheets in
which annealing atmospheres can be controlled. In such a process, activation
treatment by annealing is performed on the surfaces of steel sheets before coating in
an ox1dizing atmosphere and reduction treatment by annealing is performed in a
reducing atmosphere so that the adhesiveness of coating is improved after annealing.
By mounting a seal roll apparatus in accordance with the present invention at the
boundary between the oxidizing atmosphere section and the reducing atmosphere
section, annealing treatments having completely different atmospheres can be
continuously performed.

In the present invention, with respect to a seal roll apparatus used for a
continuous heat-treatment furnace or the like, since a seal roll room preferably is
fonﬁed by disposing a partition both at the inlet side and at the outlet side of seal rolls
and the seal rolls are water-cooled, thermal crowns of the seal rolls due to radiation
heat from steel strips and furnace walls can be greatly decreased.

Since a peripheral velocity of seal rolls is set based on the measured surface
temperature of a hearth conveyor roll placed very close to the seal rolls, the difference
between the peripheral velocity of the seal rolls and the steel-strip conveying velocity
can be reduced substantially to zero, thus avoiding the occurrence of scratches which

lead to a deterioration in quality.

Because of the two factors described above, namely, the water-cooled seal

rolls and the properly calculated peripheral velocity of the seal rolls, the roll gap

17
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between seal rolls can be reduced to approximately 5 mm in contrast with the
conventional roll gap of approximately 12 to 15 mm. The distances between the seal
rolls and the partitions can also be reduced to 2.0 mm. Asa result, the performance of
the seal roll apparatus is significantly improved.

While the present invention has been described with reference to preferred
émbodiments thereof, it is to be understood that the invention is not limited to the
disclosed embodiments or constructions. To the contrary, the invention is intended to
cover various modifications and equilvalent arrangements. In addition, while the
various elements of the disclosed invention are shown in various combinatibns and
configurations, which are exemplary, other combinations and configurations,

including more, less or only a single element, are also within the spirit and scope of

the invention

18
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CLAIMS

1. A seal roll apparatus for sealing boundaries between a plurality of
heat-tfreating sections for continuously heating and cooling a strip material in a
continuous heat-treatment furnace, said seal roll apparatus comprising:

a seal roll room including partitions having an opening for passing the
strip material, one of the partitions provided at an inlet side of the seal roll room
and another one of the partitions provided at an outlet side of the seal roll room,

at least a pair of water-cooled seal rolls that are opposed to each other
with a gap therebetween for passing the strip material in the seal room between
the partitions; and

a controller that sets and controls a peripheral velocity (V SR) of the seal
rolls in accordance with the following equations:

Vgr = Vg x (1 + R) Equation (1)
R=AXxaxT+B Equation (2)

where VgR is a set peripheral velocity (mpm) of the seal rolls, Vg is a velocity

(mpm) of a hearth conveyor roll placed close to the seal rolls and is equal to a
measured rotational frequency of the hearth conveyor roll times a circumference
of the hearth conveyor roll measured at room temperature, R is a seal roll
peripheral velocity forward slip, T is a surface temperature (°C) of the hearth
conveyor roll, a is a coefficient of thermal expansion of the hearth conveyor roll,

and A and B are constants.

2. A seal roll apparatus according to claim 1, further comprising a roll
gap adjuster that changes a size of the gap between the seal rolls in response to

»

the thickness of the strip material.

3. A seal roll apparatus according to claim 1 or 2, wherein the
partitions are water-cooled.

19
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4. A method for sealing a continuous heat-treatment furnace,
comprising the steps of:

sealing boundaries between a plurality of heat-treating sections in the
continuous heat-treatment furnace with locating the at least one pair of rotating,
water cooled seal rolls in a seal roll room including partitions having an opening
for passing the strip material, one of the partitions provided at an inlet side of the
seal rolls and another one of the partitions provided at an outlet side of the seal
rolls; and

setting and controlling a peripheral velocity (Vgr) of the seal rolls in

accordance with the following equations:

VGrR = Vg X (1 + R) Equation (1)
R=AXxaxT+B Equation (2)

where VgR Is a set peripheral velocity (mpm) of the seal rolls, Vg is a velocity

(mpm) of a hearth conveyor roll placed close to the seal rolls and is equal to a
measured rotational frequency of the hearth conveyor roll times a circumference
of the hearth conveyor roll measured at room temperature, R is a seal roll
peripheral velocity forward slip, T is a surface temperature (°C) of the hearth

conveyor roll, a is a coefficient of thermal expansion of the hearth conveyor roll,

and A and B are constants.

S. A method according to claim 4, further comprising adjusting a size
of the gap between the seal rolls in response to the thickness of the strip
material.

0. A method according to claim 4 or 5, further comprising water-
cooling the partitions.

20
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