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This invention relates to the manufacture of
sheet metal and, in particular, to the making of
sheet steel in strip form for various uses at a
lower cost than heretofore.

A considerable tonnage of sheet steel in the
form of single-pickled, cold-rolled stock is used
for a wide variety of purposes and this material

is made in all gauges for such uses as require a .

cold-rolled finish to provide the desired surface
condition. Usually, such material is made in
thicknesses of twenty gauge or less. The pres-
ent method of making this material is to hot roll
strip to a thickness of sixteen gauge, pickle it
and cold roll it to twenty gauge. It is then an-
nealed in a non-oxidizing atmosphere and sub-~
jected to a skin pass. The cost of the operations
subsequent to the hot rolling varies between eight
dollars and ten dollars per ton, which means that
the finished product must be sold at a relatively
high price.

I have invented a method of making sheet steel
having characteristics comparable to those of
the present day single-pickled, cold-rolled stock
and usable for practically all purposes to which

the latter has heretofore heen devoted, without

incurring the high finishing cost above men-
tioned. In a preferred practice of the invention,
I hot roll steel strip to a thickness of about six-
teen gauge, coil it while hot and place it within
an enclosure furnished with a non-oxidizing at-
mosphere. The material thus cools in the ab-
sence of atmospheric oxygen which prevents the

-formation of scale on the strip. The slow cool-

ing also exerts a desirable annealing effect on the
material. When it has been sufficiently cooled,
I subject it to cold rolling to reduce it to the de-
sired finished gauge but in no case more than two
gauge divisions from the thickness of the hot-
rolled material. The final reduction may be
effected in different ways, some of which will
be explained later and may be performed at the
entering end of a processing line wherein the
material after reduction may be sheared, coated,
stamped or the like.

The following detalled explanation of the in-
vention has reference to the accompanying draw-
ing illustrating diagrammatically a preferred
practice with certain alternatives. In the draw-
ing:

Fig. 1 is a diagram illustrating the hot rolling
of a slab of steel of suitable composition to the
form of strip;

Fig. 2 is a dlagram illustrating a cooling and
annealing treatment to which the coiled strip is
subjected after hot rolling;

 Fig. 3 is a diagram illustrating one method of
effecting the reduction of the hot rolled strip to
the desired final gauge; and

Fig. 4 is a diagram illustrating an alternative
method of reduction.

Referring now in detail to the drawing, I sub-
ject a slab 10 of steel of the desired composition
to hot rolling in a continuous mill indicated gen-
erally at 11, after heating the slab to a tem-
perature suitable for such rolling, e. g., 1600° F. 10
While I have shown in Fig. 1 & continuous mill
comprising two 2-high stands {2 and a plurality
of 4-high stands 3, it will be understood that
that the reduction of the heated slab into strip
form may be accomplished by any convenient }
method or apparatus known to the rolling art.
The several stands of the mill i1 are adjusted
to produce hot rolled strip which is not more
than two gauge divisions thicker than the de-
sired finished material. If eighteen gauge ma-
terial is being manufactured, for example, the 20
hot rolled strip would be reduced to a thickness
not exceeding sixteen gauge. Similarly, if twenty
or twenty-two gauge finished material is desired,
the hot strip is reduced to elghteen or twenty 5
gauge or less.

The strip .turned out by the mill il is colled
tightly by.a coiler indicated at (4. The coller
is preferably located as close as possible to the
last stand of the mill. The temperature to
which the slab is initially heated and the rolling
schedule, - furthermore, are so determined that
the temperature of the strip issuing from the -
mill will be as high as practicable, e. g., 1250-1350°
F., without introducing the risk of adjacent turns 35
of the coil sticking together, -

After the hot rolled strip has been coiled, it 1s -
placed within- an enclosure to which a non-
oxidizing atmosphere is supplied. Fig. 2 illus-
trates one type of such enclosure including a base
15 and a cover 16. A sealing channel {1 extend-~
ing around the periphery of the base is adapted
to receive the lower edge of the open-bottomed
cover 16 after a coil has been disposed on the base
as indicated at 18. The cover 16 has an opening
19 in the top thereof. A removable closure 20
overlies the opening. A sealing channel 2f ex-
tends around the opening to receive the bottom
edge of the closure.

The construction just described makes it pos-
sible to maintain a non-oxidizing atmosphere
within the cover 16, in accordance with my in-
vention described and claimed in greater detail
in copending application, Serial No. 219,936, filed
July 18, 1938, for Method and apparatus for pro-



10

15

20

30

35

50

70

2

viding nonoxidizing atmosphere. According to
that invention, a cartridge 22 containing non-
oxidizing gas or a material which generates
such gas in the presence of heat, is suspended
from the closure 20 when the cover 16 is lowered
over the coil 18, The contents of the cartridge
are released by the melting of a fusible plug in
the cartridge or by the fusion or combustion of a
suspension thereof and breakage of the cartridge
on falling through the coil onto the base 15. The
contents of the cartridge serve either to purge
the cover 16 of any air trapped thereunder as it
is lowered, or to combine chemically with the
oxygen content thereof to prevent oxidation of
the coiled strip. It will be understood that the
formation of the coil in the first place for trans-
fer to the base 15 and enclosure within the cover
16 may be effected sufficiently quickly to pre-
clude substantial oxidation of the strip prior to
being enclosed within the cover.

As previously stated, the relatively slow cool-
ing of the coil inside the cover 16 effects an
annealing of the strip. The annealing effect pro-
duced is determined by the temperature of the
strip as it emerges from the last stand of the
mill, and the rate of cooling after beiag placed
within the cover §6. The latter is preterably o:
conducting material such as metal plate, and
may or may not have a lining of thermal insula-
tion, depending on the rate of cooling desired.
The natural rate of cooling, furthermore, may
be increased by air blasts directed onto the cover.,
The. extent of the annealing effect which it is
desirable to produce in the coiled strip during
cooling thereof -depends on the nature of the
use to which the material is to be put. Consid-
erable softhess is desirable, for example, in ma-~
terial which is to be subjected to severe drawing
operations. A much lower softness, however,
may be permissible for uses in which only simple
drawing or none at all is involved.

After the strip has cooled substantially to at-
mospheric temperature, it is removed from the
enclosure formed by the cover 16 and base {5
by merely liftitg the former. The strip is then
ready to be subjected to cold rolling to reduce
it to its desired finished gauge but not in excess
of two gauge divisions, 1. e., from 18 to 20, from
20 to 22, from 22 to 24 or the like.

One form of apparatus for effecting the final
cold reduction is shown in Fig. 3 and includes a
Pair of work rolls 23 having off-set backing roils
24, the rolls being suitably journaled in the usual
housings (not shown). The rolls 23 and 24 are
preferably designed to have sufficient spring to
compensate for inequalities in the thickness of
the strip across the width thereof. Before being
passed through the rolls 23, the strip may or may
not be subjected to the action of a processing
uncoiler indicated at 25. Because of the non-
oxidizing atmosphere maintained within the cover
18, the scale formed on the coil during cooling is
not sufficient to prevent satisfactory cold reduc-
tion without the necessity of first subjecting the
strip to an acid pickling. The rolls 23 produce
& high finish on the surface of the strip and also
effect & tempering thereof. After passing be-
tween the rolis 23, the strip may be fed continu-
ously through a line of equipment for further
processing such as shearing, coating, stamping
or the like. The simplicity of the arrangement
shown in Fig. 3 is such that users of sheet metal
will probably prefer to buy hot rolled strip in
cnils produced according to the invention and

. reduce it to finished gauge at ihgir own plants
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just prior to further processing operations which
their product requires. Alternatively, the strip
may be reduced to finished gauge before it leaves
the steel mill. In either case, the cost of the
finished material is only slightly more than that
of the hot rolled strip and is much less than the
cost of equivalent single-pickled, cold-rolled stock
made according to methods previously used.
Fig, 4 illustrates an alternative method of fin-
ishing the hot rolled strip. It comprises simply
passing the hot rolled strip from a coil 26 through
& cold reducing mill 27 conveniently including a
plurality of stands of 4-high mills 28, and re-
coiling it on a reel 29. Other forms of mills may
also be employed for effecting the cold rolled re-
duction. The advantage of the invention resides
not so much in the specific manner of effecting
the cold rolling reduction as it does in the fact
that only a relatively small cold reduction is ef-
fected. This adds to the economy resulting from

the avoidance of the pickling before cold rolling .

and annealing after cold rolling which have been
necessary heretofore.

The amount of cold reduction required ex-
bressed as a percentage of the thickness of the
hot rolled strip, varies from 17% to 25% for fin-
ished gauges between eighteen and twenty-four.
For these gauges, the thickness of the hot rolled
material varies from sixteen to twenty-two gauge.
In all cases I prefer to reduce the hot rolled strip
to a thickness not more than two gauge divisions
greater than the gauge of the finished material.

The material produced in accordance with the
invention may be used for a wide variety of pur-
poses, in addition to those for which single-
pickled, cold-rolled stock as previously made has
been employed. It provides material cheaper
than the latter for use as barrel stock and also
provides a source of material cheaper than that
which has been previously used for automobile
bodies, enameling stock, and the like. The in-
vention not only has the advantage of a reduction
in the cost of the product as compared with
single~pickled, cold-rolled stock, but also makes
1t possible to dispense entirely with pickling and
associated operations which are objectionable
from the operator’s standpoint because of the
fumes which inevitably accompany such process.

Although I have illustrated and described but
a preferred practice of the invention with one
modification thereof, it will be understood that

changes in the procedure described may be made”
without departing from the spirit or sacrificing,

the advantages of the invention as defined in the
appended claims.

I claim:

1. In a method of making sheet, metal, the
steps including hot rolling a slab into strip in
the open air, coiling the strip, substantially
immediately disposing a coil of hot-rolled strip,
while at a temperature of 1000° ¥, or above, on
2 supporting bhase, lowering a protective cover
thereover, supplying s non-oxidizing atmosphere
within said cover, and, when the strip has cooled
substantially to atmospheric temperature, cold
rolling it to gauge in the absence of contact with
acid.

2. In a method of making  sheet metal, the

steps including hot rolling a slab to strip form-

in the open air and coiling it substantially im-
mediately at.a temperature of 1000° F. or above
in air, disposing the coil in an enclosure and per-
mitting it to cool slowly while supplying a non-
oxidizing atmosphere thereto, and, after the strip
has cooled substantially to atmospheric tempera~
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ture, maintaining it out of contact with acid and
reducing its thickness by not more than 25% by
cold rolling. )

3. In a method of making sheet metal, the
steps including hot rolling a slab in air to a
thickness not more than 35% in excess of the
desired finished gauge, coiling the strip in air
substantially immediately, disposing it within an
enclosure and supplying a non-oxidizing atmos-
phere thereto, and when the strip has cooled sub-
stantially to atmospheric temperature, main-
taining it free from acid and reducing its thick-
ness by not more than 25% by cold rolling.

4. In a method of making sheet metal, the
steps including subjecting a heated slab to hot
rolling in air to produce hot rolled strip having
a thickness exceeding that of the desired finished
product by not more than two gauge divisions,
coiling the strip in air substantially immediately
while at a temperature of about 1300° F. and,
substantially immediately on completion of the
coiling, placing the colléd strip in an enclosure
and maintaining a non-oxidizing atmosphere
therein during cooling of the strip, whereby the
strip may be cold-rolled to final gauge without
contact with acid.

3

5. In a method of making sheet metal, the
steps including hot rolling & slab to strip in air
and colling the strip substantially immediately
in the open air while at a temperature of 1000°
F. or above and, before substantial cooling of the
strip has taken place, disposing it in an enclosure,
supplying a non-oxidizing atmosphere within
said enclosure while permitting the coiled strip
to cool slowly therein, and then, when the strip
has cooled sufficiently, removing it from said en-
closure and cold rolling the strip to the desired
gauge in.the absence of contact with acid.

6. In a method of masaking sheet metal, the
steps including hot-rolling a slab into strip in
the open air, coiling the strip substantially im-
mediately, disposing the coil of hot-rolled strip,
while at a temperature of 1000° F. or above, on
a supporting base, lowering a protective cover
thereover, supplying a non-oxidizing atmosphere
within said cover, and, when the strip has cooled
substantially to atmospheric temperature, cold
rolling it to gauge in the absence of contact
with acid.

RAYMOND J. WEAN,
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CERTIFICATE OF CORRECTION.
patent No. 2,187,595. January 16, 19L0.

RAYMOND J. WEAN.

Tt is hereby certified that error sppears in the printed specification
of the above numbered patent requiring correctionas follows: Page 2, sec—
ond column, line 57, beglnning with "In a method" strike out a1l to and
including the word and period "geid." in line 67, comprising claim 1, and
insert instead the followlng - '

Tnamethod of making sheet metal, the steps including hot
rolling & slab to strip form in the open alr and gubstantially
immealately coiling it at & temperature of 1000O 7, or above in
alir, dlsposing the coll in sn enclosure and pefmitting it to cool
slowly wﬁile suﬁplying a npn—oxidizing atmosphere thereto, and
cold rolling the strip to gauge, when 1t has cooled substentlally
to atmospheric temperature, in the absence of contact with acid. ;

and that the sald Letters patent should be read with this correction there-
in that the same may conformto the pecord of the case in the Patent Office.
Signed and sealed this 12th day of March, A. D. 19L40. '

Henry Ven Arsdale,
{Seal) Acting Commissioner of Patents.



