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@ Steel strip cooling method.

@ A method of rapidly cooling steel strips heated and
soaked in a continuous heat-treatment furnace. The rapidly
cooling is carried out by winding a steel strip (1) about a
plurality of cooling rolis in succession {11-15) to bring the
steel strips into contact therewith. The rapid cooling is started
at a temperature of a range of 550-720°C and simultaneously
a tensile force « (kgf/mm?) of the stee! strip is adjusted within
a range determined by an inequality of (1900-Ts)/
1670<a<(1980-Ts)/720 according to the starting temperature

Ts(°C) of the rapid cooling. In another aspect, the rapid cool-
ing is.carried out by winding the steel strip about a plurality of
cooling rolis in succession {11-15) to bring the steel strip into
contact therewith and at the same time by Jetting a gas
against a back surface of the steel strip (8,9,16-20). The rapid
cooling is started at a temperature of a range of 550-720°C
and simultaneously a tensile force o' {(kgf/mm?) of the steel
strip is adjusted within a range determined by an inequality of
(1670-Ts)/1670<a’<(2410-Ts)/630.
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STEEL STRIP COOLING METHOD

This invention relates to a method of cooling
steel strips after continuous annealing of the steel
strips, and more particularly to a method 6f cooling
steel strips capable of enabling cooling capacity of
roll cooling process to increase to a maximum possible
extent without detrimentally affecting quality of steel
products.

Various cooling systems ﬁave been suggested to
rapidly cool steel strips after continuous annealing.

A roll cooling method among them, in which a steel strip
is wound about cooling rolls so as to be in contact
therewith is advantageous in that its cooling speed is
sufficiently high with a relatively low cost of
operation without any risk of oxidation on a surface of
the strip. |

In a cooling process of a steel Strip by roll
cooling at 650-400°C after heating and keeping the steel
strip in continuous annealing, a plurality of cooling
Tolls are usually needed for a limitation of the heat
transfer coefficient between the steel strip and the
rolls. In this case, if an unevenness in temperature in
width directions of the steel strip occurs when the

steel strip becomes in contact with the first cooling
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roll about which the steel strip is wound, an exces-
sively cooled portion of the steel strip will comtract
jn its lomgitudinal direction. Such an excessively
cooled condition of the steel strip is enhanced by
further roll cooling, so that the unevenmess in
temperature in the width directioms is further
increased.

Such a phenomenon detrimentally affects figure of
a steel strip to cause serpentine movements of the steel
strip, which obstruct stable passing of the steel strip
through the heat-treatment passage and make difficult
the contact between the cooling rolls and the steel
strip wound thereabout so as to lower the cooling
capacity of the cooling rolls.

Moreover, the unevenness in temperature in the
width directions of the steel strip causes compressive
stresses in the width directions on a surface of the
steel strip in contact with the cooling rolls with
a risk of buckling of the steel strip. If the buckling
exceeds a certain value, the steel strip may undergo
violent serpentiné movements resulting in breaking down
of the steel strip in a furnace.

Japanese Laid-open Patent Application
No. 59-129737 discloses a feature of providing gas
jetting means in opposition to cooling rolls, capable of

controlling cooling intensity in width directions of
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a steel strip subjected to the roll cooling, thereby
reducing the unevenness in temperature in the width
directions of the steel strip to prevent defects iﬁ
figure of the steel strip. However, it does not solve
the problem of the uneven cooling sufficiently because
of low contact pressure between the steel strip and the
cooling rolls resulting from a slight tensile force in
the steel strip of the order of less than 0.8 kgf/mm2 in
order to prevent the buckling of the steel strip in high
temperature zones in a usual continuous annealing
installation.

Moreover, Japanese Laid-open Patent Application
No. 59—20428 discloses a feature of cooling a steel
strip under tension of 2-5 kgf/mm2 with more than two
rolls. If even a slight fault of contact in width
directions of the steel ;trip occurs, a large tensile
force concentration locally occurs to give rise to
a plastic deformation of the steel strip and an exceed-
ing defect in figure of the steel strip causing large
serpentine movements of the steel strip to decrease the
production capacity. Moreover, motor power for bridle
rolls located upstream and downstream of the codling
rolls increases and a large number of bridle rolls are
required because of a usual restfiction of coefficient
of friction between the steel strip and bridle rolls to

increase a space for the bridle rolls resulting in
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an increased initial cost.

It is a primary object of the imnvention to provide
an improved method of cooling steel strips in roll
cooling, which eliminates all the disadvantages of the
prior art and is capabie of preventing the uneven
cooling in width directions of a steel strip to
a minimum possible extent to effectively restrict
defects in figure of the steel strip and inexpensively
exhibiting the cooling capacity to a maximum possible
extent.

In order to achieve this object, in a method of
cooling steel strips heated and maintained in a con-
tinuous heat-treatment furnace, according to the
invention a rapid cooling of a steel strip by winding it
about a plurality of cooling rolls im succession to
bring it into contact therewith is started at a tempera-
ture of a range of 550-720°C and simultaneously
a tensile force a (kgf/mm2) of the steel strip is
adjusted within a range determined by an inequality of
(IQDO-TS)/1670<a<(1980-Ts)/720 according to the starting i
temperature Ts(°C) of said rapid cooling.

In another aspect of the invention, a rapid
cooling of a steel strip by winding it about a plurality
of cooling rolls in succession to bring it into contact
therewith and at the same time by jetting a gas against

a back surface of the steel strip is started at
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a temperature of a range of 550-720°C and simultaneously
a tensile force a' (kgf/mm2) of the steel strip is
adjusted within a rénge determined by an inequality of
(1570-Ts)/1670<a'<(2410-TS)/630 according to the
starting temperature Ts(°C) of said rapid cooling.

The invention will be more fully understood by
referring to the following detailed specification and
claims taken in connection with the appended drawings.

Fig. 1 is a schematic view illustrating a cooling
zone in a continuous heat-treatment furnace for carrying
out the method according to the invention;

Fig. 2 is a graph illustréting one example of
a heat cycle in a continuous annealing line;

Fig. 3 is a graph illustrating an influence of
tensile force of steel strips in a cooling zone on
ﬁnevenness of the steel strips;

Fig. 4 is an explanatory view illustrating
variation in tensile force of a steel strip due to heat
crowing of a cooling roll;

Fig. 5a is a view illustrating change in contact
area between a steel strip and cooling rolls in case of
average tensile force of the steel strip of 2 kgf/mm2;

Fig. 5b is a view similar to Fig. 5a but in case
of average tensile force of 3 kgf/mm2;

Fig. 6 is a graph illustrating relation between

steel strip temperature and yield stress;"
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Fig. 7 is a graph illustrating an influence of
tensile force of steel strips and starting temperature
of roll cooling on the figure of cooled steel strips;

Fig. 8 is a graph illustrating relation between

tensile force of steel strips in a roll cooling zone and

cost of bridle rolls;
Fig. 9 is a view illustrating temsile force
distribution of steel strips in a heat-treatment

furnace; and

Fig. 10 is a2 schematic view illustrating influence

of tensile force of steel strips on rate of imnferior
quality steel strip in figure and rate of capacity
decline due to steel strip serpentine movement.

Fig. 1 schematically illustrates a comtinuous
heat-treatment furnace for steel strips 1 suitable for
carrying out the cooling process including the rapid
cooling above described. The furnace comprises in
a cooling zone 2 deflector rolls 3, 7, 10, 21 and 25,
upstream bridle rolls 4, 5 and 6, downstream bridle
rolls 22, 23 and 24, gas jetting means 8 and 9,
a plurality of coolimg rolls 11, 12, 13, 14 and 15 for
the roll cooling process and gas jetting means 16, 17,
18, 19 and 20 for assisting the roll cooling with the
cooling rolls 11 -15. .

Fig. 2 illustrates a typical heat cycle in the

roll cooling process. In this heat-treatment, a steel

0230780
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strip is maintained soaked at 700-800°C in a soaking
zone not shown in Fig. 1 and then gradually cooled to
a temperature between approximately 640°C and an.Al
transformation point (723°C) of the strip in a cooling
zone upstream of the rapid cooling zone 2 shown in

Fig. 1. The steel strip 1 is then cooled by jetting

a gas from the gas jetting means 8 and 9 shown in

Fig. 1. Thereafter, the steel strip 1 is extended
around the plurality of cooling rolls 11-15 so as to be
in contact therewith and is simultaneously subjected to
the jetting cooling gas from the gas jetting means
16-20, so that the steel strip is rapidly cooled to
about 400°C. After the steel strip 1 is then maintained
at this temperature for overaging the strip, it is fed
out of the heat-treatment system.

The temperature Ts at which the rapid cooling by
the roll cooling is started has been slightly explained
referring to Fig. 2 in comnection with the gas jetting
means 8 and 9 located upstream of the cooling rolls.

In rapid cooling only by the roll cooling without usingr
gas jetting means, if the starting temperature Ts of the
rapid cooling is lower than 640°C, defects in figure of
strips would often occur depending upon materials and
sizes of the strips. By previbus applying a first
cooling by means of the gas jetting means 8 and 9 in

this case, a starting temperature Ts of the rapid



10

15

20

25

-8- 0230780

cooling lower than 600-550°C can be acceptable without

a visk of the defects in figure of strips. However,

an eicessively low starting temperature such as lower
than 550°C would cause a requirement of an unduly
widened heating zome of the gas jetting means 8 and 9 as
the previous cooling fesulting in increased electric
power ccst. Accordingly, the temperature range of
550-720°C is applicable for the starting temperature Ts
of tapid cooling with the roll cooling.

The inventors carried out an experiment on the
cooling of steel strips having thicknesses of 0.5-1.Z2 mm
and widths of 800-1200 mm under tension 0.3-4 kgf/mm2
between the bridle rolls 4-6 and 22-24 with starting
cooling temperature Ts of 450-750°C by means of the roll
cooling system shown in Fig. 1. Fig. 3 illustrates
observed results of strip figures at the termimnation of
cooling with the starting temperature Ts of 650°C
whgrein results of only the roll cooling (case A) are
shown in solid lines, and results of addition of gas
jetting onto back surfaces of the strips (case B) in
broken limnes.

As can be seen from the results, the low temsion
of the steel strips in the proximity of 0.5 kgf/mm2
causes uneven cooling which detrimentally affects the
figure of strips because of lower contact pressure of

the rolls with the strips. On the other hand, as the
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tension increases, the uneven cooling is greatly

prevented with the tension within 0.8-2 kgf/mm2 of the

- case A and within 0.6-3 kgf/mm2 of the case B, so that

unevenness of the steel strips is less than 1% in both
cases. On the other hand, if the tension further
increases, it again adversely affects the figure of
strips.

It is comsidered that the reason why such
an excessive tension detrimentally affects the figure of
strips is as follows. Heat transmission from the strip
to the roll in contact therewith causes thermal crown of
the roll in the éeﬁtér of the roll as shown by shaded
area in Fig. 4 where the steel strip tends to be
excessively cooled resultingrin longitudinal contraction
of the strip. The continuous roll cooling further
Vincreases such an excessive cooling. Fig. 5a illus-
trates the change in contact area between the steel
strip and the cooling rolls in case of uneven cooling
and Fig. 5b is in case that the uneven cooling does not
occur. The decrease in contact area at the respective
cooling rolls 11-15 causes tensile stress concentration
at the excessively cooled portions of the strip, so that
when average temsion is more than 2 kgf/mm2 in the

case A and 3 kgf/mm2 in the case B, it becomes in excess

of yield stress of the steels trip (5-6 kgf/mm2) at

a temperature of the order of 650°C shown in Fig. 6.
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Accordingly, such a temsile force causes plastic
deformation of the strip which will be further enhanced
by the subsequent roll cooling.

Fig. 7 illustrates threshold values for causing
defects in figure of steel strips (more than 1% of the
unevenness) with the rapid cooling starting temperatures
Ts of 400-750°C in relation to tensile forces of the
strips, wherein solid lines are for the case A and
broken lines are for the case B. As the starting
temperature Ts is higher, the strips are prone to
defects in figure. On the other hand, as the starting
temperature Ts is ldwer, the range of the temsile force
not causing defects of figure becomes wider. Such
threshold values are experimentally ascertained in this
manner.

According to the threshold values in Fig. 7, the
tensile force not causing defects in figure with the
starting temperature of 550-720°C is approximately

obtained as follows.

Ts — 1900 Ts— 1980
———— < g < ———— incaseofA,
—-1670 —T720
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Ts~ 1570 < Ts — 2410

< .
“1e10 a 430 incaseofB

In case of preventing cooling buckle particularly
using the first cooling by jetting the gas from the gas
jetting means 8 and 9 as shown in Fig. 1, the starting
temperature for the rapid cooling is within 550-600°C.
In this case, the zone causing the defects in figure is
substantially the same as that shown in Fig. 7.

Fig. 8 illustrates the relation between the
tensile forces of steel strips and cost of bridle rolls
to be arranged upstream and downstream of cooling rolls
in order to apply the tensile forces to the steels
trips.

This graph shows the increase of the cost of
Eridle rolls with increase of the tensile forces in
comparison with the cost of bridle rolls (indicated by
an index 100) required to cause the tensile force of
1.0 kgf/mm2 acting upon the steel strips. As shown in
Fig. 8, the cost of the bridle rolls is rapidly
increased in order to increase the tensile force of the
steel strips to more than 3 kgf/mm2, because of not only
an increase of power for bridle rolls but also
considerably bulky bridle rolls requiring a great space

for settling such bulky bridle rolls.
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According to the invention, the starting
temperature of the rapid cooling of a strip winding
around and in contact with a plurality of rolls is
limited to 550-720°C. The lower limitation of the
starting temperature is defined in order to avoid the
disadvantage of increase power cost due to undue
increase of the gas jetting cooling zome for unduly
lowering the temperature to 550°C. The upper limitatiom
of the starting temperature is defined in order to avoid
the risk of defects of figure of steel strip at
a temperature higher than 720°C.

According to the invention; moreover, the tensile
force a (kgf/mm2) of the steel strip to be cooled only
by roll cooling without jetting the gas against the back
surface of the strip is defined within the following
range.

(1900-Ts)/1670 < a <(1980-Ts)/720

According to the invention, furthermore, the
tensile force a' (kgf/mm2) of the steel strip té be
cooled by roll cooling and by jetting the gas against
the back surface of the strip is defined within the
following range.

(1570-Ts) /1670 < a' < (2410-Ts)/630

The reason why such ranges of the temsile forces

are defined is that such ranges are absolutely necessary

to restrain the unevenness of steel strip withim 1%,

0230780
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which is defect in figure of the steel strip as already
explained by referring to Fig. 7.
Example 1

Steel strips 1 heated, soaked and gradually cooled
were introduced into the rapid cooliﬁg zone 2 as shown
in Fig. 1. 1In the rapid cooling zone 2, the cooling
rolls 11-15 were operated and the bridle rolls 4-6 and
22-24 upstream and downstream thereof were operated in
order to increase the tensile force of the steel strips
in contact with the cooling rolls. The gas jetting
chambers 16-20 were inoperative. The operating

cénditions are shown in Table 1.
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Table 1
1 II
Thickness of strip (mm) 0.8 1.0
Width of strip (mm) 1100 1200
Feeding speed of strip (m/min) 200 150
Tensile fo;ce of steel strip in 1.5 1.0
rapid cooling zone (kgf/mm2)
Strip ?emﬁera?ure on entry side 670 700
of rapid cooling zone (¢C)
Starting tomerature of wptd | g0 | s
Sirip temporature on xepid |00 | aon
Number of cooling rolls 5 5
Diameter of cooling rolls (mm) 1500 1500
Average winding angle (°) g0 90
Figure of cooled strip good good

In both the cases I and II, figures of the cooled
strips were good. By defining the tensile force
a kgf/mm2 of steel strips in the roll cooling zone as
the following inequality, a rate of steel strips of
inferior quality due to defect of figure was lowered to

less than 0.5%.
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Ts — 1900 Tc—-1900
— < —
—1670 -720

Moreover, the capacity decline of the operation
resulting from serpentine movements of steel strips due
to defects of figure ﬁas fairly preventeﬁ.

Example 2

Steel strips 1 heated, soaked and gradually cooled
were charged into the rapid cooling zone 2.

In.the rapid cooling zone, there were provided cooling
tolls 11-15, gas jetting chambers 16-20 in opposition
thereto and bridle rolls 4-6 and 22-24 upstream and
downstream of the gas jetting chambers in order to
increase tensile forces of the steel stfip in contact
ﬁith the cooling rolls.

As shown in Fig. 9, the strips were fed in the
heating and soaking zones under tensile force of the
order of 0.7 kgf/mm2. The tensile force was then
increased from 0.7 kgf/mm2 to 2.7 kgf/mm2 according to
thicknesses and widths of the strips by means of the
front and rear bridle rolls 4-6 and 22-24. The steel
strips were thenrsubjected to the first cooling by the
previous gas jetting means 8 and 9 and thereafter the

strips were extended around the cooling rolls 11-15 to
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be cooled and simulténeously cooled on their back sides
by means of the gas jetting chambers 16-20 arranged in
opposition to the cooling rolls 11-15. the tensile
force was lowered to value of the order of 0.7 kgf/mm2
by the rear bridle rolls 22-24.

In this manner it was possible to cool the steel
strips uniformly without detrimentally affecting figures‘
of the steel strips. The operating conditions are shown

in Table 2.



0230780

- 17 -
Table 2
m
Thickness of strip (mm) 0.8
Width of strip - (mm) 1100
Feeding speed of strip (m/min) 200
Tensile force of steel strip in rapid 2.0
cooling zone (kgf/mm2) :
Strip temperature on entry side of 670
rapid cooling zone (°C{
Starting temperature of rapid cooling 600
by roll cooling (°C) .
Strip temperature on rapid cooling zone 400
side (°C)
Number of cooling rolls 5
Delivery pressuré of gas jetting 240
against back side of strip (mmH20)
Average heat transfer coefficient of
roll cooling and gas jetting 200
(kcal/m2h°C)
Average winding angle (°) 60
Figure of cooled strip good

Fig. 10 illustrates the effects of the present

invention in the two cases, one of which uses only the
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roll cooling and the other of which uses both the roll
cooling and the gas jetting. 1In the Example 2,
particularly, by defining the tensile force a' (kgf/mm2)
of the steel strips in the roll cooling zome as the
following inequality, a rate of steel strips of inferior
quality due to defect of figure was lowered to less than
0.5% and the capacity decline of the operation resulting
from serpentine movements of steel strips due to defects

of figure was significantly prevented.

Ts — 1570 Ts — 2410
—_—< g ——
—1670 —630

As can be seen from the above description, the
cooling capacity in roll cooling of steel strips can be
exhibited to the maximum possible limitation without
causing any defect of figure of strips in their cooling
after continuous annealing by roll cooling.

While the invention has been particularly shown
and described with reference to preferred embodiments
thereof, it will be understood by those skilled in the
art that the foregoing and other changes in form and
details can be made therein without departing from the

spirit and scope of the inventiom.



0230780
-19 -

Claims

1. A methodrof cobling steel strips heated and
maintained in a continuous heat-tfeatment furnace,
wherein a rapid cooling of a steel strip by winding it
about a'plurality of cooling rolls in succession to
bring it into contact therewith is started at
a temperature of a range of 550-720°C and simultaneously
a tensile force a (kgf/mm2) of the steel strip is
adjusted within a range determined by an inequality of
(1900-Ts)/1670<a<(1980-Ts) /720 according to the starting
temperature Ts(°C) of said rapid cooling.

2. A method of cooling steel strips as set forth
in claim 1, wherein said starting temperature of the
rapid cooling is within a range of 720-640°C and the
tensile force of the steel strip is within a range ofr

0.8-2 kgf/mmz.
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3. A method of cooling steel strips heated and
maintained in a continuous heat-treatment furnace,
Qherein a rapid cooling of a steel strip by winding it
about a plurality of cooling rolls in succession to
bring it into contact therewith and at the same time by
jetting a gas against a back surface of the steel strip
is started at a temperature of a range of 550-720°C and
simultaneously a temsile force a' (kgf/mm2) of the steel
strip is adjusted within a range determined by
an inequality of (1570-Ts)/1670<a'<(2410-Ts) /630
according to the starting temperature Ts{°C) of said
rapid cooling.

4. A method of cooling steel strips as set forth
jn claim 3, wherein said starting temperature of the
rapid cooling is within a range of 600-550°C and the
tensile force of the steel strip is within a range of
0.6-3 kgf/mm2.

5. A method of cooling steel strips as set forth
in claim 1 or 3, wherein before the steel strip is
cooled by the cooling rolls, the steel strip is cooled
by jetting a gas against the steel strip.

6. A method of cooling steel strips as set forth
in claim 1 or 3, wherein the temsile force of the steel
strips is adjusted by bridle rolls arranged upstream and

downstream of the cooling rolls.
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