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[57] ABSTRACT

An apparatus for continuous treatment of cold rolled
steel sheet. The apparatus has a continuous annealing
furnace through which the sheet is continuously
passed and which is composed of, in succession, a
heating chamber for heating the cold rolled steel sheet
to a temperature range of 700° to 900°C within 2 min-
utes, a soaking chamber for keeping the sheet in the
above temperature range for two minutes or less, a
primary cooling chamber for rapidly cooling the sheet
from the above temperature range to an overageing at
a rate of 5° to 30°C/sec., an overageing chamber for
keeping the sheet between 300° to 400°C for up to
eight minutes, and a secondary cooling chamber for
cooling the sheet from the above overageing tempera-
ture to below 50°C within 2 minutes. Adjacent the
output end of said furnace is apparatus for succes-
sively skin pass rolling, levelling and recoiling the
sheet from the annealing furnace. The skin pass rolling
apparatus has apparatus for replacing the working
rolls.

6 Claims, 11 Drawing Figures
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APPARATUS FOR CONTINUOUS TREATMENT OF
LOW-CARBON COLD-ROLLED STEEL SHEET
HAVING EXCELLENT COLD WORKING
PROPERTIES

This application is a division of application Ser. No.
102,671, filed Dec. 30, 1970. ’

BACKGROUND OF INVENTION

1. Field to which the Invention belongs

The present invention relates to an apparatus for pro-
ducing low-carbon cold steel sheet having cold work-
ability, particularly press forming quality with use of a
continuous annealing system. .

The term “a low-carbon steel sheet” used hereinafter
designates a steel sheet which is produced by the pro-
cess of cold rolling and annealing and is for such appli-
eations as pressed automobile body parts, rather than
an insufficiently annealed steel sheet which is for zinc-
plating or tin-plating not subjected to drawing.

2. Prior art

Thin steel sheet for cold working, particularly press
forming for use in automobile parts must have among
its properties good ductility as well as good drawability
and: stretchability. To obtain these properties, it is re-
quired that the grain size be large enough to prevent
the condition known as surface orange peel due to
press forming, that the content of dissolved carbon and
nitrogen be sufficiently low, that the yield point.be fow
and the elongation be large. To meet these require-
ments, most of the thin cold rolled steel sheets for such
applications have been conventionally produced by
box annealing.

‘However, box annealing requires a longer treatment
time (normally more than 60 hours) and thus is unde-
sirable’ from the standpoint of efficiency. A method for
reducing the treatment time recently has been pro-
posed as disclosed in Japanese Patent Publication Sho
43-5995. This method still requires more than 30 hours
for the treatment and thus is completely . non-
competitive with: continuous annealing.

Several patents have been published regarding con-
tinuous annealing of cold rolled steel sheet for tin-
plating: Among these patents, U.S. Pat. No. 2,832,711
is noteworthy. Aithough this patent discloses relatively
soft thin steel sheet treated by a continuous annealing;
it discloses or suggests nothing with: respect to low-
carbon steel sheet having excellent workability which
is for pressed autobody parts. Commercial production
of such steel sheet has never been carried out.

Reasons why low-carbon cold rolled steel sheet for
applications suchas pressed automobile body parts has
never been produced by means.of a continuousanneal-
ing are as follows.

[t has been generally believed that low yield point, .

large elongation and Lank-Ford value (r-value) which
can be obtained by box annealing:can not be obtained
unless the speed of the sheet pass is greatly reduced. to
provide.an overaging time for effecting. full precipita-
tion of dissolved carbon, or unless the sheet, after con-
tinuous annealing: for recrystallization is coiled. and
given enough aging time while. the sheet is in a coiled
state. For the former case, a treatment furnace for the
overaging must be extremely long and thus is not prac-
tical for commercial production. In the latter case, the
advantages of a continuous treatment: as a whole can
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2

not be obtained although the annealing is effected con-
tinuously. '

Further, from the standpoint of equipment, in order
to effect recrystallization annealing - overaging - tem-
per rolling - leveling - and recoiling in a continuous
manner, it is necessary to rapidly cool the sheet after
the overaging to near room temperatures for the subse-
quent temper rolling, and it is also necessary to perform
very quickly the replacement of rolls of the temper roll-
ing mill without interruption of the continuous treat-
ment of the sheet.

No appropriate means has been provided for meeting
the above requirements.

GIST OF THE INVENTION

Therefore, one of the objects of the present invention
is to provide an apparatus for producing a low-carbon
steel sheet having excellent cold workability equal to or
better than those obtainable by box annealing by utili-
zation of continuous annealing which has convention-
ally been believed to be impossible to use in commer-
cial production.

Another object of the present invention is to provide
a temper rolling apparatus for continuously and effi-
ciently tempering overaged steel sheet.

Other objects of the present invention will be under-
stood from the following descriptions and the attached
figures.

The present invention is applicable to ordinary low-
carbon steel, but the most desirable results are ob-
tained by steel compositions as specified hereinafter.
Therefore, the following descriptions will be in connec-
tion with the specified steel compositions.

Features of the present invention lie in that a low-
carbon steel containing less than 0.25 percent prefera-
bly less than 0.20 percent, by weight of manganese, and
having the following relation among manganese, sul-
phur and oxygen:

0 = [Mn%] — (Atomic weight of Mn/Atomic weight
of 0O) X [0%]

— (Atomic weight of Mn/Atomic weight of S) X [S%]
= 0.15

is used as a starting material, and subjected to an ordi-
nary. hot rolling, coiled-at high temperatures above
600°C, then coiled in an ordinary way, and the thus ob-
tained steel sheet is subjected to recrystallization and
overaging treatment in a continuous process.

Further features of the present invention lie in im-
provements in continuous annealing of a steel strip
which has been cold rolled in an ordinary way, which
improvements comprise passing the steel strip through
a heating chamber which can heat the strip to a temper-
ature between 700° t6.900°C within 2 minutes, a soak-
ing furnace which can keep the strip within the temper-
ature range for 2 minutes, a first cooling chamber
which can cool the strip from the above temperature
range-to an overaging temperature between 300° and
450°C at a rate of 5° to 30°C/sec. (preferably less than
20°C/second), an overaging chamber which can main-
tain the strip at a temperature between 300° to 450°C,
preferably 300° to 400°C for up to eight, but preferably
up to five minutes and a continuous annealing furnace
having a secondary rapid cooling chamber which can
cool the strip from the above overaging temperature to
a temperature below 50°C preferably to room tempera-
tures within 2 minutes, and then subjecting the strip to
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temper rolling and leveling and lastly recoiling the
strip. Between the continuous annealing furnace and
the temper rolling apparatus, an apparatus for a hold-
ing of the strip, such as a loop-car, may be provided,
and in the overaging zone it is desirable that a hearth
roll be used having a sufficiently large diameter that
bending stress is not placed on the strip during its pas-
sage thercthrough.

DETAILED DESCRIPTION OF INVENTION

The present invention will be described in detail with
reference to the attached figures:

FIG. 1 is a graph showing the relation between the
proportions of the constituents in the steel sheet and
the yield point.

FIG. 2 is a graph showing the relation between the
proportions of the constituents in the steel sheet and
the elongation.

FIG. 3 is a graph showing the relation between the
proportions of the constituents in the steel sheet and
the average Lank-Ford value.

FIG. 4 is a schematic view of an embodiment of the
continuous annealing apparatus according to the pres-
ent invention.

FIG. § is a view showing the third cooling section in
detail.

FIG. 6 is a schematic flow-sheet showing the produc-
tion line subsequent to the continuous annealing fur-
nace. '

FIGS. 7 to 11 are illustrative views showing the man-
ner of carrying out rapid replacement of skin-pass mill
rolls.

In the present invention low-carbon steel with a low
manganese content is used as starting material.

Generally, a thin steel sheet used for press forming
contains about 0.3 percent manganese. Excessive man-
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ganese makes it difficult to obtain steel sheet which can

be used for press forming by continuous annealing, and
in the case of low-carbon rimmed steel sheet, it is nec-
essary to minimize the manganese content in order to
obtain good surface qualities of the steel sheet.

The present inventors have found that an appropriate
amount of MnS and MnO which is assured by a low
manganese content is useful in steel for a continuous
annealing treatment. Namely in the present invention,
manganese has only to be present in an amount neces-
sary for satisfactorily fixing the sulphur and oxygen
which are harmful impurities, and thus manganese has
only to be present in a stoichiometric amount or a little
more to combine with sulphur and oxygen. That is, the
manganese content should be less than 0.25 percent by
weight, preferably less than 0.20 percent, and manga-
nese, sulphur and oxygen ‘must be present in amounts
which will produce the relationship0 = K = 0.15in
the following equation.

K =[Mn%] — (Atomic weight of Mn/Atomic weight of
0) X [0O%] — (Atomic weight of Mn/Atomic weight of
S)

X [S%]={Mn%] — (55/16) X [0%] — (55/32) X [S%]

When the relationship 0 = K = 0.15 is produced in
a conventional steel sheet having about 0.3 percent
manganese, axcessive MnS and MnO are formed and
they are harmful.

One of the features of the present invention, there-
fore, is that the relationship among manganese, sulphur
and oxygen is in a specific range, and it is also another
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feature of the present invention that the hot rolled steel
sheet is coiled at high temperatures so as to convert
harmful suifur and oxygen contents into harmless pre-
cipitates. The sulphur and oxygen contents cause red-
hot embrittlement during the hot rolling and also sup-
press grain growth during recrystallization annealing,
Sulphur inclusions, mainly FeS, which occur during an-
nealing produce many crystal nuclei which prevent
grain growth, and the sulfur inclusions, mainly FeS,
themselves hinder grain growth. Oxygen also has a sim-
ilar harmful effect on the grain growth. Therefore by
fixing such harmful sulphur and oxygen into harmless
forms with manganese, it is possible to reduce the dis-
tribution density of sulphur and oxygen so as to provide
conditions permitting satisfactory rapid recrystalli-
zation.

According to the present invention, the harmful sul-
phur and oxygen contents are converted into harmless
MnS and MnO by the high temperature coiling after
hot rolling. As a result it is possible to provide condi-
tions under which the rapid recrystallization is assured.
This high temperature coiling also can permit grain
growth through the self-annealing action of the hot
rolled coil so that the strain energy after the cold rolling
can be reduced and the grains can grow in a short time
during recrystallization annealing. For the above pur-
poses the coiling temperature should be more than
600°C. However, if the coiling temperature is too high,
the local temperature differences in the hot rolled steel
sheet will be extremely large and adjustment thereof
will be difficult. Thus the upper limit of the coiling tem-
perature should be about 800°C, and a desirable range
for the coiling temperature is 675° - 800°C.

Conversion of the impurities into harmless form and
the grain growth while coiled in the hot state by the
high temperature coiling as described above can assure
a short time recrystallization during the recrystalli-
zation annealing and provide steel materials which are
very suitable for a continuous annealing treatment with
a heat cycle of rapid heating and cooling. Further, con-
tinuous annealing can eliminate sticking of the coiled
steel strip which occurs when low-manganese steel strip
is box annealed. Thus the continuous annealing can im-
prove the production efficiency as compared with box
annealing.

As mentioned above, cold rolled steel sheet having
excellent properties can be produced by a process of
continuous annealing using a high temperature coiling
of hot rolled steel sheet. One illustrative embodiment
of a continuous annealing and temper rolling apparatus
is shown in FIG. 4.

In FIG. 4, the continuous annealing furnace A is
composed of the following chambers connected in se-
ries:

a. a heating chamber 4 for gas heating with a radiant

tube system

b. a soaking chamber 5 with electrical resistance ele-

ments for electrical heating

¢. a primary cooling chamber 6 with a jet cooler sys-

tem in which water-cooled air is blown into the
chamber to effect a forced cooling

d. an overaging chamber means 7 with electrical

heating, and

e. a secondary cooling chamber 9 comprising a sec-

ondary cooling section 10 with a jet cooler system
of the water-cooled gas type and a third cooling
section 11 with a jet cooler system in which the
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chamber gas cooled by a refrigerator is blown
against the sheet steel to effect a forced cooling.

In the figures, 8 is a hearth roller for tensioning and
transporting the steel strip 2 up and down as it moves
through the chambers, and 12 represents a’ special
hearth roller in the overaging chamber 7.

The details of the third cooling section 11 are shown
in FIG. 5. In this embodiment, eight passes or ten
passes of the strip through the secondary cooling cham-
ber 9 are effected in the secondary cooling section 10,
and the remaining two passes are effected in the third
cooling section 11. 23 designates gas jet chambers, 24
a heat exchanger, 25 a refrigerator, 26 a piping for
sending a high-temperature gas into the heat exchanger
24, 27 a piping for circulating a refrigerant, 28 a piping
for passing forcedly cooled chamber gas under pressure
into the gas jet chambers, 29 a piping for recovering
waste gas used for cooling, 30 a fan for delivering the
refrigerated gas under pressure to respective gas jet
chambers, 31 a piping for gas supply. ‘

It has been found very effective for reducing the
stress hardening of steel strip to increase the radius of
curvature of the steel strip at the turning point, for ex-
ample, by increasing the diameter of the hearth roller
in the overaging zone.

When the diameter of the hearth roller is small, the
bending stress on steel strip is not negligible at the turn-
ing point and thus an increase in elongation due to ove-
raging is suppressed by stress age hardening under
stress, and when such bending stress is large, the steel
strip hardens at the time of bending, rather than before
the overaging treatment.

Since it is desirable that no such stress be given to the
steel strip, the present inventor investigated the ratio of
the sheet thickness to the bending radius which is criti-
cal for avoiding the remarkable hardening of the strip
due to the stress hardening. As a result, the following
relation has been established:

d/R=2.02X107—1.05 % 1073 log (¢ + 1)

in which d is the thickness in millimeters of the steel
strip, R is the bending radius in millimeters (the radius
of a circular arc around the turning point of the strip),
¢ is the time in minutes during which the stress occurs
(the time it takes a point on the strip to travel along the
circular arc).

According to the above, if the time during which the
stress occurs in the strip is shortened, the critical value
of d/R which will not cause hardening of the steel strip
due to the stress hardening becoming higher.

For example, if the time during which the bending
stress occurs in the strip is 1 minute, it is necessary to
use a hearth roller having a diameter more than 1,200
times the strip thickness.

The turning point of the steel strip may be formed by
several rolls having smaller diameters instead of a sin-
gle hearth roll, and therefore the radius R at the turning
point of the steel strip in the present invention should
be the diameter of the hearth roller or-its equivalent.

At the entrance of the continuous annealing furnace
A is a strip surface cleaning apparatus 3, and at its-out-
let is a loop car 14 to which the steel strip is lead
around a bending roll 13. 15 and 17 are respectively
bridle rolls positioned before and after the skin pass
mill 16, and 18 and 20 are respectively bridle rolls posi-
tioned before and after the leveler 19, and 21 is a bridle
roll positioned ahead of the coiling reel 22,
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Details of the arrangement of apparatus subsequent
to the skin pass mill 16 are shown in FIG. 6.

In FIG. 6, 15’ and 17" are motors for driving the bri-
die rolls 15 and 17, and by adjusting the rotation speed
of the rolls a desired tension is given to the steel strip
at the temper mill 16. 39 are the work rolls of the tem-
per mill 16, which are driven by motors 39. Instead,
back-up rolls 35 and 36 may be driven for the same
purpose. 18'and 20’ are motors for driving the bridle
rolls 18 and 20, which serve to adjust the tension of the
steel strip, and 21’ are motors for driving the bridle
rolls 21, which serve to adjust the coiling tension.

Next, the operation of the present invention will be
described.

In FIG. 4, the cold rolled steel strip 2 uncoiled from
the coil 1 is surface cleaned by the surface cleaning ap-
paratus 3 and led to the continuous annealing furnace
A. Then the steel strip 2 is first introduced to the heat-
ing chamber 4 where the strip is heated at temperatures
between 700° and 900°C. The heating up to the above
temperature range is effected within 2 minutes. If the
heating rate, however, is too rapid,. grains with unfavor-
able orientations increase and thus the Lank-Ford
value (r value) which is an index of press formability,
particularly drawability, is lowered, and the number of
recrystallization nuclei increase to make the grain size
fine so that the yield point rises. »

Then the strip passes through the soaking chamber §
in’ which the strip is kept at the above temperature
range of 700° to 900°C for up to 2 minutes. The above
time for keeping the strip at the temperature has a cer-
tain relation with the heating temperature. With a
higher temperature only a short time of soaking or no
soaking is required, while with a lower temperature, a
relatively long time of soaking is required. Namely, in
the soaking chamber 5, recrystallization and grain
growth of the steel strip must be effected, and the soak-
ing time is appropriately adjusted depending on the
temperature.

The strip coming out of the soaking chamber 5 is im-
mediately led to the primary cooling chamber 6 where
the strip is rapidly cooled to the overaging temperature.
The cooling may be done for example with a jet cooling
system. If the cooling rate is slow, the subsequent ove-
raging treatment does not attain its full effects. Namely
it is advantageous for attaining satisfactory precipita-
tion of carbon during the overaging to maintain the car-
bon in a supersaturated solid solution before the ove-
raging, and for this purpose, it is preferable to cool the
strip at a cooling rate of 5° to 30°C per second, more
preferably less than 20°C per second.

The strip conditioned as above passes through the
overaging chamber 7 for up to 8, but preferably up to
5, minutes where the strip is heated to 300° - 450°C,
and the carbon in the strip fully precipitates and is fixed
as carbide to achieve sufficient press formability and
make the strip sufficiently non-aging.

Above 450°C the properties of the steel strip, such as
elongation and yield point, deteriorate although the
overaging is effected. While below 300°C, a greater
length of the chamber is required and thus an increased
cost of equipment results.

More than five minutes of overaging will need a
greater length of the chamber, thus inhibiting commer-
cial production, but less than five minutes of overaging
is enough for desired results if the temperature is within
the above range.
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The relation between the temperature and the time
is similar to that for soaking, i.e., with a higher temper-
ature a shorter-time overaging is desirable while with a
lower temperature a longer-time overaging is desirable.

The strip thus overaged is cooled below 50°C for up
to 2 minutes in the secondary cooling chamber 9. This
cooling has an important effect on the continuous sys-
tem of production. Namely if the strip can be cooled
rapidly to near the room temperature, it is possible to
skin pass the strip immediately, thus greatly improving
the production efficiency.

According to the present invention, the strip is
cooled to near 100°C from the overaging temperature
in the secondary cooling section 10, and then in the
third cooling section 11 the strip is rapidly cooled to
the room temperature using gas recirculated to the
chamber after being cooled by a refrigerator. The cool-
ing rate becomes slower at the lower temperature.
However, according to the present invention the strip
can easily be cooled to about 40°C in a short time,

In FIG. §, the gas passes through the pipe 26 to the
heat exchanger 24 where the gas is rapidly cooled by
heat-exchange with the refrigerant coming from the re-
frigerator 25 through the circulation pipe 27, and is de-
livered to respective gas jet chamber 23 by the fan 30.
The gas jet chambers 23 are arranged along the strip
path so that the cooled gas is directed uniformly onto
the strip surface to rapidly cool the strip down to the
room temperature. The gas is recovered through the
gas recovery pipe 29 and recirculated.

The strip coming out of the cooling chamber 9 is
stored under tension in the loop-car 14 after passing
over the bending roll 13 and then is led to the skin pass
mill 16.

Subsequently, the strip is subjected to temper rolling.
In the conventional practice, a continuous system for
skin pass rolling the steel strip continuously from the
overaging treatment has not been used. This is due to
the fact that batch type annealing and overaging treat-
ments are necessary to obtain sufficiently good me-
chanical properties in the steel strip and also due to the
fact that changing the rolls of the skin pass mill takes
a long time, and this, in a continuous system, would ne-
cessitate stopping operation of the system so that, it has
been believed, irregular quality and deterioration of the
mechanical properties of the steel strip would result.
Another reason for the above is that no appropriate
method has been available for cooling after the overag-
ing in a continuous annealing treatment.

According to the present invention, firstly a specific
material is provided to overcome the first problem,
and a steel strip “‘storing’* portion 14 is provided be-
tween the overaging zone and the skin pass mill to over-
come the second problem. Secondly, a rapid replace-
ment system of the cassette type, as described in detail
later, is provided to carry out rapid roll replacement;
and thirdly the stepwise cooling as described above is
used to eliminate the third problem.

Another feature of the present invention is that the
skin pass mill 16 and the leveler 19 are arranged on the
same line with each other.

Still another feature of the present invention is that
the bridle rolls 17 and 18 are provided between the skin
pass mill 16 and leveler 19 to provide two tension sys-
tems: the skin-pass tension section and the leveler ten-
sion system.
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Referring to FIG. 6, in the skin-pass tension system,
the rotation speed of the bridle rolls 15 and 17, namely
the load on the driving motors 15’ and 17’ is adjusted
so as to give 2kg/mm? of back tension, for example, and
to give 3kg/mm? of front tension, for example, to the
skin pass mill 16, to effect skin pass rolling by rotating
the work rolis. In the leveler tension system, the rela-
tive speed of the bridle rolls 18 and 20 is adjusted so as
to give, for example, 10kg/mm? of front and back ten-
sion to the leveler.

In this way, according to the present invention, the
skin pass rolling and the tension leveling, which have
been conventionally used for improving the shape and
qualities of the annealed steel strip, are connected in
the same line, and on the basis of the fact that the ten-
sion in the skin pass rolling produces delicate effects on
the steel strip, the tension system in the skin pass mill
and that in the tension leveler are separated to permit
tension adjustment in each of the systems individually.

As mentioned above, the steel strip, after the contin-
uous annealing, is immediately subjected to the skin
pass and leveler to improve and correct the properties
and shape, and is then coiled continuously. For this, a
rapid replacement of the work rolls in the skin pass mill
is required.

One illustrative example of the rapid replacement
means is shown in FIGS. 7 to 9.

In these figures, the skin pass mill 16 comprises stand
housings 32 and 32’ back-up rolls 35 and 36, back-up
roll chocks 33 and 31, work rolls 39 and 40 mounted
on shafts 41 and 42, and work roll chocks 37 and 38.
43 is a screw for adjusting the roll gap, 44 is a pressure
cylinder for giving a predetermined upward pressure to
the roll chock 31, 45 is a cylinder for balancing the
rolls, pushing the roll chock 33 upward. 46 is a cylinder
for balancing the rolls, pushing the roll chock 37 up-
ward. At the lower portion of the roll chock 38 are pro-
vided wheels 47 and rails 48 are correspondingly pro-
vided on the roll chock 34. Cylinders 54 for lifting the
rail are provided in the roll chock 31. 53 is a connect-
ing member for connecting the upper and lower roll
chocks 37 and 38 and the connecting member is pro-
vided with a longitudinal oblong opening for permitting
the up-down movement of the chocks.

Now referring to the removing apparatus, 49 and 49’
are roll support frames for a replaced roll, on the bot-
tom of which is provided rails 50 corresponding to the
wheels 47, and 51 and 51’ are trucks for mounting roll
support frames 49 and 49’, and the truck 51 is provided
with a pusher 52. The truck 51 is arranged on the work-
ing side of the roll mill and the truck 51’ is arranged on
the side from which the back-up rolls are driven.

During the operation of the skin pass mill, the roll
gap is adjusted by means of the screw 43 and then a
predetermined pressure is given to the cylinder 44 to
push the roll chock 31 up together with the roll chock
38. Further, the roll chocks 33 and 37 are pushed up
with a predetermined pressure by means of the cylin-
ders 45 and 46 applied to the roll chock 33 to provide
a roll gap so that the work piece can be rolled to a de-
sired thickness.

Now referring to FIG. 8, when the used work rolls 39’
and 40’ are replaced, the roll support frame 49 carrying
the new work rolls 39 and 40 is mounted on the truck
51 arranged on the roll working side. Of course, the
support frame must be in place so that the rails 50 of
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the support frame and the rails 48 of the roll chock 31
are aligned. .

Meanwhile, the pressure of the cylinder 46 for the
roll balancing is reduced to lower the upper work roll
39 to support the upper work roll on the lower work
roll so that the upper and lower work rolls come to-
gether, and the rails 48 are lifted up by the cylinders 54
to push the upper and lower work rolls 39 and 40 up-
wards by means of the wheels 47 to disengage the lower
work roll from the lower back-up roll to allow the work
rolls 39 and 40 to move along the rails 47. '

On the roll driving side of the mill, the roll support
frame 49' is placed on the truck 51’ just as on the mill
operation side. The rails 50’ are positioned so as to be
aligned with the rails 48. :

When the above perparatory steps are completed,
the lower roll is pressed by the pusher 52 provided on
the truck 51. As the shafts 41 and 42 of the upper and
lower work rolls 39’ and 40’ in the housing and the
shafts 41 and 42 of the new upper and lower work rolls
39 and 40 are aligned, the end surfaces of the shafts
contact each other as the upper and lower work rolls
39 and 40 move, and the upper and lower work rolls
39" and 40’ are pushed out into the roll support frame
49’ which has been positioned on the roll driving side.

When the new upper and lower work rolls 39 and 40
are in place in the housing, the used work rolls 39'and
40’ are contained in the support frame 40’ and thus
ready for movement to the roll repair yard.

The roll replacement apparatus of the present inven-
tion may be modified. For example as shown in FIG. 10
and FIG. 11, rails 55, 56, 55’ and a rail corresponding
to rail 56 above and below on the support frames 49
and 49', and rails 59 and 61 corresponding to the above
rails are provided on the projection 60 provided in the
window of the roll housing and on the projection 58 of
the chock 57 for the upper back-up roll. The back-up
roll chock 57 is pushed up by the pressure of the bal-
ance cylinders 63 provided on the projection 62 in the
window of the roll housing to allow the wheel 65 of the
upper work roll chock 64 to rest on the rail 59, and at
the same time the work roll 49 is brought down by re-
ducing the pressure of the pressure cylinder 44 to allow
the sheel 67 of the roll check 66 for the lower work roll
40 to rest on the rail 61 in the housing to push out the
roll chocks 64’ and 66’ mounted respectively on the

upper and lower rails on the roll support frame 49’ and -

to replace the work rolls 39.and 40 in the housing.
The pusher 52 may be replaced for example by 4 cyl-
inder provided in the housing, the end of which cylin-
der engages with the work roll'chock in the roll support
frame and pulls:the chock into the housing. _
According to the present invention, good effects of
shape correction as well as satisfactory skin pass effects
can be attained in the same apparatus without the dete-
rioration of 'the steel strip so that soft steel strip for
press forming and other uses in which the. mechanical
properties and shape are regarded as important can be
‘obtained without' difficulty. In the conventional pro-
cess, the skin pass and shape correction are -simulta-
neously effected by. a skin pass rolling mill. On' the
other hand, in the present-invention, the skin pass roll-
“ing mill is assigned only the task of skin pass rolling, so

that the housing or rolls of the skin pass rolling mili can -

be made. smaller so that the

production cost' can be
greatly reduced. '
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A’ conventional skin pass rolling mill is limited to a
large capacity of 50,000 to 100,000 tons per month and
thus is uneconomical except for a large demand. On the
other hand, a small skin pass rolling mill is very eco-
nomical because the capacity of the rolling mill can be
increased depending on the demand.

Further according to the present invention, a side
trimmer, an oiler and so on can be provided and thus
steps subsequent to skin pass rolling mill can be ar-
ranged in a single line, and thus advantages such as im-
proved mechanical properties, rationalization of man
power and reduction of semi-finished products can be
obtained. '

Properties of steel sheets produced by the process
and apparatus according to the invention will be de-
sctibed with reference to the attached figures.

FIG. 1 shows the relation between the K value (see
first formula above) and the yield point (YP). Materi-
als were prepared from a rimmed steel having a chemi-
cal composition as follows: C: 0.03 to 0.05%, Mn: 0.14
t0 0.31%, S: 0.007 to 0.022%, O: 0.010 to 0.062% with
the balance being substantially Fe. Sheet of this compo-
sition was coiled at a temperature between 700° to
730°C after hot rolling and then cold rolled to sheet
having a final thickness of 0.8mm. The ¢old rolled steel
strip ‘was annealed in a continuous annealing system in
which the strip was held at 700°C for 1.5 minutes and
then to an overaging treatment at 350°C for 5 minutes.

From FIG. 1, it is seen that when K is between 0 and
0.1 a very low yield point is obtained, and when K is
above 0.2 it is saturated.

FIG. 2 shows elongation (E1) of the same material as
in FIG. 1, and it is seen that an excellent E1% is ob-
tained when K is 0 to 0.15. ]

FIG. 3 shows r values for the same material as in FIG.
I, and it is seen that when K is between 0.04 to 0.15,
an rvalue more than 1.7, which is required for a super
deep drawing quality, is obtained, and overall when K
is less than O or more than 0.2, a satisfactory r value is
not obtained. Therefore, when K is between 0 to 0.15
the properties usually required for good press formabil-
ity are present. Also from these figures, it is séen that
an exceptional lowering of the yield point and an ex-
ceptional increase in elongation and r value are at-
tained when 0 = K = 0.05.

The steel according to the present invention may be
produced in a convertor or other steel making fur-
naces, and subjected to ingot making, cogging, hot roli-
ing, then cold rolling, continuous annealing (including
overaging) and if necessary temper rollifig.

The conditions of the above processing steps may be
selected within a wide range as long as the 'specified
steel composition range and the specified coiling tem-
perature ‘range of the hot rolled steel sheet are main-
tained. ’

The carbon content of the steel in the present inven-
tion 'may be similar to ordinary low-carbon cold rolled
steel, and if a lower carbori content is required, this re-
quirement can be easily satisfied by vacuum degassing
the molten steel or decarburizing the steel during the
annealing. ‘ .

The present-invention will be more clearly under-
stood from the following examples. ’

EXAMPLE 1
A hot rolled sheet coil was prepared by forming mol-
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ten steel from a convertor into an ingot, cogging and
hot rolling in an ordinary way and coiling at tempera-
tures between 700° to 730°C and the thus obtained hot
rolled sheet coil was left to cool to room temperatures.

This hot rolled sheet was further subjected to ordi-
nary cold rolling to a final thickness (0.7mm), then to
a recrystallization annealing in which the sheet was
maintained at 700°C for 1 minute and cooled and sub-
sequently to an overaging treatment in which the sheet
was maintained at 350°C for 2 minutes in a continuous
annealing process and lastly was subjected to skin pass
rolling with 1 to 1.5 percent reduction.

The steel composition and properties are shown in
Table 1. For comparison the composition and proper-
ties of steel sheet having a large K value are also shown.

10

15

As clearly seen from Table 1, the steel of the present
invention has better mechanical properties than the

standard steel produced by a conventional method. 20

3,805,571

TABLE 3.—TREATING CONDITIONS AND MECHANICAL
PROPERTIES
Sheet Sheet
thick- thick-
ness, ness,
0.7 mm. 0.8 mm.
Hot rolling finishing temperature (° C.)......... 050 950
Colling temperature (° C.). _............ 710 710
Thickness of hot rollea sheet, mm. __ B 2.5 2.5
Thickness of cold rolled sheet, mm___ . 0.7 0.8
Continuous annesling:
Heating temperature (° C.) 700 800
Primary cooling (° C./sec.) 21 20.0
Overaging, ° C.Xmin._.. 350X2 350X2
Secondary cooilng:
First step 350—100° C . _ 12,9 12,8
Second step 100—50° C.. 12,1 12.0
8kin pass (percent) . .. ... oooeaoociecoeeoaos 1.0 1.0
Mechanical properties:
Yield point (kg./mm.2) .. ... 18.7 10.7
Tensile strength (inches). . 33.0 33.3
Elongation (percent). . 44.5 44,0
Erichsen value (mm.) 10.5 10.6
. Hardness Rockwell B 42 44
USSP 1.53 159

1° C./sec.

TABLE 1.—STEEL COMPOSITIONS AND PROPERTIES

Inventivé steel
(0.7 mm. thick)

Comparative steel
(0.7 mm, thick)

Compositions:
C (percent) ..o iiiaaianas
Mn.__..._.

Colling temperature (° C.
Annealing temperature (contin

Tempér rolling (percent).. coooceooooo... 1.0-1.5
Immediately after temper rolling:

Yield point (kg./mm.2) ... ... 102 . 22.2.
Tensile strength (inches)._ A
plongation (percent)

Y
Conical cup value (mm,
Erichsen value (mm.)........._.. -
Yield point elongation, percent_._._._

After aging:

in. plus
n.

Yield point elongation percent (100° 3.3... . .oooooioioo- 5.9.
C.X60 min.).
Room temperatureX3 days........... [ 1.1.
Atomic weight of Mn
* = | —
K value={Mn, percent] A tomio welght of 0 X[0%]
Atomic weight of Mn
~ Atomiowelghtof § V5%
EXAMPLE 2

45

The steel according to the invention having a compo-
sition as set forth in Table 2 was produced in a conver-
tor, and after ordinary ingot making was treated under 5
the conditions set forth in Table 3. The resuits also are
set forth in Table 3. The cold rolling in this example
‘was effected in an ordinary way.

It is clear from Table 3 the inventive steel has excel-

lent properties. 55

TABLE 2 - 60

Steel Compositions %

65

Si Mn
0.010.22

P S
0.004 0.011

o)
0.051

K value

0.07 0.012

What is claimed is:

1. An apparatus for continuous treatment of cold
rolled steel sheet comprising a continuous annealing
furnace through which the sheet is continuously passed
and which is composed of, in succession, a heating
chamber for heating the cold rolled steel sheet to a
temperature range of 700°C to 900°C within 2 minutes,
a soaking chamber for keeping the sheet in the above
temperature range for two minutes or less, a primary
cooling chamber for rapidly cooling the sheet from the
above temperature range to an overageing temperature
at a rate of 5° to 30°C/sec., an overageing chamber for
keeping the sheet between 300° to 400°C for up to 8
minutes, and a secondary cooling chamber for cooling
the sheet from the above overageing temperature to
below 50°C within 2 minutes, and means adjacent the
output end of said furnace for successively skin pass
rolling, levelling and recoiling the sheet from the an-
nealing furnace.

2. An apparatus according to claim 1 in which the
primary cooling chamber has a jet cooling system for
rapid cooling of the sheet from a temperature range of
700° to 900°C to a temperature range of 300° to 450°C
at a rate of less than 20°C/sec.
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3. An apparatus according to claim 1 in which the
secondary cooling chamber has gas jet means therein
for jetting water cooled gas for cooling the sheet from
the overageing temperature to 100°C and has further
gas jet means for further cooling the sheet below
100°C, and gas supply means coupled to said further
gas jet means and including gas refrigerating means for
regrigerating the gas supplied to said further gas jet
means.

4. An apparatus according to claim 1 in which the
overageing chamber has a hearth roll therein over
which the steel sheet runs which has a roll diameter
which satisfies the following formula:

d/fR=s 2.02X1073—1.05 X 10~% log (¢ + 1)

5

in which d is the thickness in millimeters of the steel -

sheet, R is the bending radius in millimeters and ¢ is the
time in minutes during which stress is given to the
sheet, and the secondary cooling chamber has in series
gas jet means for blowing gas cooled by cooling water
and gas jet means for blowing gas cooled by refrigera-
tion.

5. An apparatus according to claim 1 in which the
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skin pass rolling means is a skin pass rolling mill having
a pair of work rolls and a pair of back-up rolls backing
up said work rolls, and driving means coupled to one
of said pair of rolls, and bridle rolls between said skin
pass rolling mill and said levelling means for continuous
feeding of the steel sheet from the skin pass rolling mill
to said levelling means. ‘

6. An apparatus according to claim 1 in which said
skin pass rolling means comprises a skin pass rolling
mill having a housing and working rolls housed in said
housing, a support frame for supporting a replacement
working roll, a truck arranged on one side of the roll
mill on which said support frame is positioned, a means
on said support frame for placing the replacement
working roll in coaxial alignment with a used roll in the
rolling mill, a means on said truck for pushing the re-
placement roll toward the housing to thereby push the
used roll out of the housing, another truck arranged on
the opposite side of the rolling mill from said firstmen-
tioned truck, and a further support frame on said fur-
ther truck for receiving and holding the used roll when

it is pushed thereonto from the housing.
* ok kR %



