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17 Claims.

" . .. This invention relates to & method and appara-
tus for reducing hot ingots to cold rolled strip
steel, and more particularly to a mill arrange-
ment or layout for this purpose and to a method

5 .of rolling practiced in connection therewith.

The customary practice in producing cold rolled
metal strip from hot ingots is to roll the hot in-
gots into slabs in a blooming or slabbing mill,
shear the slabs, and transfer them to a reheating

30 furnace. Thereafter the slabs are further re-
duced in a hot roughing mill which may com-
prise several separate sets of roll stands. Next
the ends of the resultant strip are cropped and
the strip then hot rolled in a hot strip mill which

15 also comprises several separate sets of roll stands.
After the strip leaves the hot mill, it may be
pickled and then cold rolled in a cold rolling mill
which, like the hot mill, may comprise several
separate sets of roll stands. Large tonnage can

20 be produced with such a method and apparatus,

pbut it will be appreciated that very great initial

- and operating costs are involved because so many

different types of mills and drives and auxiliaries
are required, so much space is required for the

5 equipment, and such a relatively - large number

of men are required to control the operations of

the various machines. ’ -
Due to these exceedingly high initial and oper-

ating costs and the large investment necessi-

30 tated thereby, small companies that do not re-

quire a large tonnage of strip steel are discour-
zged or prevented from rolling strip cold, or fird
it necessary to have cther companies do pari of
the work, such as produce the slabs or even the
hot strip. In some cases it is possible to get along
with less equipment by arranging it so that some
of it serves a dual purpose, but this saving is
jargely lost by the increased cost of production
resulting from the fact that while part of the

40 equipment is serving its dual purpose other parts

being processed. Money invested in expensive

mill equipment which is not used at &ll during a

large part of the strip-forming operation adds

5 greatly to production costs. :

It is among the objects of this invention to
provide for reducing jngots to cold rolled strip
by apparatus the initial cost of which is material-
ly reduced relative to the cost of apparatus used
for this purpose heretofore, by apparatus sub-
stantially all of which is maintsined in continuous
operation while rolling is progressing so as to hold
production costs down te & reasonable level, ana
by apparatus for which & minimum of operators

55 and floor space is required. Another object Is

N
-1

must stand idle while waliting for the material .

(C1, 80—31.1) .

to provide a method of hot and cold rolling by
which fulfillment of the above-mentioned ob-
jects is made possible. :
In accordance with this invention hot ingots *°
are reduced to slabs in the.same mill that is later &
used as & roughing stand for reducing the slabs
to rough strips or bars after the -former have
been sheared and reheated. It is preferred to
use s reversing universal mill for this purpose,
and to remove the slabs from its run-out table 10
after they have been sheared so as to deliver them
to a slab yard through which they are subse-
quently charged into a reheating furnace located
beside the mill’s entry table. As fast as bars are
rolled in the universal mill they are cropped by 16
the slab shear and conveyed by the run-out table
directly to a hot strip mill, preferably of the con-
tinuous type, in which they are further reduced
to strips which are coiled for storage to be fol--

lowed at the proper time by pickling, if desired. . go

The strip mill is adapted to bave its rolls for hot
strip roliing removed and replaced by rolls suit-
able for cold rolling (hereinafter referred to as
hot and cold rolls, respectively), and similerly its
strip guiding equipment is changeable to guiding o5
equipment suiteble for cold strip rolling. The
same mill is also operatively connected with an
uncoiler and one or more strip reels. The uncoiler
and the strip reels may be arranged in any man-
ner which is suitable to secure cooperation with 3¢
the strip mill, but X prefer, for the sake of sim-
plicity, that arracgement in which they are lo-
cated below displaceable sections ‘of the con-
veyor tables &t the entry and delivery ends of the
strip meiil 35
After all of the slabs that were produced by
the universal mill have been rolled into bars
end the bars have been roiled into hot strip, cold
rolls are substituted for the hiot rolls of the strip

“mill, the strip guiding equipment between the 4

stands is changed to that suitable for cold strip, "
and the removable table sections are removed to
uncover the uncoiler and reel. The coils of hot
rolled strip, which have cooled with self-anneal-
ing if desired, and which may have been pickled in 45
ihe meantime, are then placed in the uncoiler
end the strip is cold rolled in the strip mill and
removed as coils from the reel. .

While the cold rolling is proceeding ip the
strip mill, the universal still continues in unin- sq
terrupted operation rolling another supply of
ingots into additional slabs that are fed into the
reheating furnace, and as soon as the cold rolling
i{s finished and the hot rolling equipment’ and
table sections are replaced, these slabs, like the:
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- the reversible universal mill until reduced to a -

76
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preceding supply, -are reduced in the universal
mill to bars which are carried by the run-out
table directly to the strip mill where they are
hot rolled into strip. This cycle of operation is
repeated over and over again:as long as ingots are
available, and it will therefore be apparent that
both mills as well ds the rest of the equipment

operate substantially all of the time with no -

prolonged and costly periods during which part
of the apparatus must necessarily stand idle.
By rolling metal with this apparatus and accord-

ing to this method, sufficient tonnage of cold’

rolled strip can be produced in a given period of
time to prevent production costs from becommg
excessive.

The preferred em.bodiment of the invention is
illustrated in the accompanying drawings in
which Fig. 1 is a fragmentary and somewhat
diagrammatic plan view of part of the apparatus
constructed and laid out in accordance with this
invention; Fig. 2 is a continuation of Fig. 1

showing the rest of the apparatus; Fig. 3 is an |

enlarged side view of the uncoiler and associated
parts taken on the line IIT—III of Fig. 2; and
Fig. 4 is g side view, similar to Fig. 3, of the
cold strip reel taken on the line IV—IV of Fig. 2,

Referring to Fig. 1 of the drawings, an ingot
buggy | or other suitable device is adapted to
deliver hot ingots to one end of a driven entry
table 2 at the opposite end of which there is a
mill 3 in which the ingots are reduced to slabs.
As it is an object of this invention to provide
as little rolling equipment as possible, & single
reversing universal mill is used because its ver-
tical rolls make it unnecessary to provide for
ingot-turning apparatus. At the delivery side
of the mill there is a driven run-out table 4 on
which the slabs are conveyed through a shear 6
by which they are cut into suitable lengths with
the help of a shear gauge 1. As the slabs leave
the shear they are pushed laterally off the run-
out table and onto transfer apparatus 8 by
means of a reciprocable slab pusher 9 mounted
on the opposite side of the table. The transfer
apparatus is of any suitable form, such as an
endless chain conveyor disposed substantially at
right angles to the table, and transports the slabs
from the table to a piler (1.

‘As soon as a sizable pile of slabs has been
formed in this manner, the slabs are transferred.
to the slab yard where they are inspected, proc-
essed and stored; and from storage they are
delivered by any suitable means, such as crane
hook 12, to an unpiler disposed at one. end of
a reheating furnace 13, the opposite end of
which Is positioned adjacent one side of entry
table 2. The unapiler przferably comprises an
elevatable support {4 for the pile of slabs, and
reciprocable arms {6 for pushing the top slab
from the pile into the furnace. Each time the
arms are retracted the support is elevated to
bring the top slab into the path of the arms. As
the slabs are pushed through the reheating fur-
nace in this manner the foremost one is pushed
out onto entry table 2 where its lateral move-
ment is arrested by stops {1 mounted on the
opposite side of the table. Delivery of ingots from
the soaking pit to mill 3 is then discontinued and
the rolling of slabs delivered from the furnace {3
then takes place. '

In accordance with this invention, each suc-
cessive hot slab is rolled back and forth through

size suitable for rolling ifito strip. Stock that

2,162,407

"has been thus reduced is referred to herein as
bars. The bars are carried by run-out table 4
through shear 6, where their ends are cropped,
and past slab transfer apparatus 8 to a strip mill
18, of which four stands are shown in Fig. 2 of
the drawings. Each bar is reduced in the strip

mill, which is preferably a continuous mill, to .

hot strip steel that moves over’ & «elivery table
19 to a hot coiler 21. Preferably, two coilers
are provided, each in line with the mill with the
usual gate 22 in front of the first one for guid-
ing the hot strip into either one of the coilers.
Each colil thus formed is removed from its coiler

10

by any suitable means, such as the coil unloader -

23 shown in Patent'No. 2,092,539, and deposited on
a conveyor 24 by which it is conveyed to a stor-
age area from which it may later be taken to
be pickled. When in storage the coils cool off

- slowly because of the closely wrapped convolu-

tions of the strip and the result is a self-anneal-
ing of the strip which is often advantageous.
It will thus be seen that with a minimum of

-apparatus ingots are reduced to hot strips which

are coiled and stored; the universal mill, shear,
and entry and run-out tables being used for the

dual purpose of forming slabs from ingots and-

bars from the slabs. It follows that & minimum
of floor space and a reduced number of op-
erators are required for this apparatus.

In keeping with the foregoing, it is a feature
of this invention that the strip mill {8 is con-
vertible into a hot or cold mill whereby sub-
stantially one strip mill and its operators are

-eliminated, and full use is made of strip mill

I8 and its operators. That is, strip is cold rolled

in this mill after all of the bars have been re-

duced, whereby shutting down of the strip mill
while more slabs are being made is avoided. Ac-
cordingly, the strip mill is adapted to receive
either hot or cold rolls, i. e, rolls suitable for
hot rolling and rolls designed for cold rolling, to
receive strip-guiding equipment for either type of
rolling, and the mill drives are suitable for both
hot and cold rolling. Roll-changing apparatus
26, preferably of the type shown in Buente Pat-
ent No. 2,037,210, is therefore disposed besides
each stand of the strip mill in readiness for

- quickly changing the rolls to form either a hot

mill or a cold mill. Furthermore, the run-out
delivery tables 4 and 19 are provided adjacent
the strip mill with removable sections, by which
is meant sections that can be lifted out of place
by a crane or otherwise moved out of the way
when desired. As shown in Fig. 3, under the re-
movable run-out table section 2T there is an
uncoiler 28, and, as shown in Fig. 4, under the
removable delivery table section 3f there is a
cold strip reel 32 preferably adapted to exert
tension on strip connected to it.

If it is desired to pickle the coiled strip be-
fore placing it in the uncoiler uncovered by table
section 27, a coil of the hot rolled strip is
taken from storage by a crane, which may be the
same one that dellvers slab piles to the reheating
furnace and lifts the removable table sections,
and placed on skids 33 down which it rolls to
the loading station of picking apparatus 34 which
is desirably of the type disclosed in Biggert and
Buente patent application Serial No. 82,542, filed
May 29, 1936. The coil is successively immersed
in pickling, washing and rinsing tanks after
which it runs endwise down an inclined table
36 from whence it is transported by the crane or
other means to uncoiler 28. Strip from this
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pickled coil is fed through the strip mill in which
cold rolls have been substituted for the hot rolls,
and is connected to reel 32 from above which table
section 81 has been removed. As soon as a coil
of cold rolled strip is formed on the reel it is
removed thervefrom for storage, shipment, or
further processing. . .

While the cold rolling is being carried on, an-
other supply of ingots is fed over entry table 2
to the universal mill by which they are formed
into slabs that are removed from the side of the
run-out table and piled preparatory to reheating.
As soon as all of the pickled coils have been cold
rolled the removable table sections are replaced,
the cold rolls are removed from the strip mill and
the hot rolls replaced therein by roll-changing
spparatus 26, and the strip-guiding equipment
is changed by suitable apparatus, not shown.
The strip mill is then ready o perform hot roll-
ing again, so the slabs that were formed during
the period of cold strip rolling are pushed out of
the reheating furnace and reduced by the uni-
versal mill tc bars which are conveyed by the
run-otit table to the hot mill in order to repeat
the cycle of operation just described.

1t will be observed thet in practicing the meth-
od contemplated by this invention hot bars are
produced by the same mill that forms the slabs

from which they ere made, the bars are fed di- -

tectly from that mill tc & hot strip mill that re-
duces them to strips that are formed into coils,
additional ingots sre rolled intc slabs by the
first mill after the hot strip rolling is finished,
cold rolls are substituted for the hot rolls of the
strip mill, the coils of strip may be pickled and
the strip is then rolled in the cold mill just
formed while slabs are being produced in the
other mill, and the hot strip rolling equipment
is operatively reassembled in the strip mill after
cold rolling therein is finished in order to reduce
to hot strips the bars that are then formed by the
first mill from the slabs previously produced
thereby. In short, hot strip rolling is carried on
in the strip mill while the universal mill is form-
ing siabs into bars, and the universal mill forms
ingots into slabs while cold strip rolling is being
carried on in the sirip mill. Consequently, all of
the apparatus is kept in operstion substantially
all the time so that there are no prolonged periods
during which parts of it are shut down which
would raise production costs. In addition to re-
quiring a comparstively small investment in
apparatus, the layout of the apparatus is com-
pact, especially when the furnace, slab transfer,
roll-changer and pickler are all disposed on the
same side of the mills as is preferred..

According to the provisions of the patent stat-
utes, I have expleined the principle and mode of
operation of my invention, and heve illustrated
and -described what I now consider to represent
its best embodiment. However, I desire to have
it understood that, within the scope of the
appended claims, the invention may be practiced
otherwise than as specifically illustrated and de-
scribed.

I claim:

1. The method of rolling metal comprising roll-
ing ingots or the like in a mill to form slabs, re-
heating the slabs, rolling the slabs in the same
mill to form bars, conveying the bars from said
mill directly to a hot strip mill to reduce them to
strip, coiling the hot strip, again rolling incots in.
said first mill to form slabs after said hot strip
rolling is finished, exchanging the strip mill

. comprising a mill for rolling

3

equipment necessary for hot rolling for that need-
ed for cold rolling, cold rolling the hot rolled
strip in the cold strip mill thus formed while
slabs are being produced by said first mill, re-
turning said hot rolling equipment to the strip
mill after said cold rolling is finished, and repeat-
ing this cycle of rolling whereby substantially all
of the apparatus is maintained in substantially
continuous operation,

9. The method of rolling metal comprising
r.lling ingots in a mill to form slabs, shearing the
slabs in a shear, reheating the slabs, rolling the
slabs in the same mill to form bars, shearing the
bars in the same shear, conveying the bars from
said shear directly to a hot strip mill to reduce
them to strip, coiling the hot strip, again rolling
ingots in said first mill to form slabs after said
hot strip rolling is finished, exchanging the strip
mill equipment necessary for hot rolling for that
needed for cold rolling, cold rolling the hot rolled
strip in the cold strip mill thus formed while
slabs are being produced from ingots by said
first mill, returning said hot rolling equipment
to the strip mill after said-cold rolling is finished,
and repeating this cycle of rolling whereby sub-
stantially all of the apparatus is maintained in
substantially continuous operation.

3. Apparatus. for hot and cold rolling metal,
comprising a mill for rolling ingots into slabs,
means for reheating said slabs, means for return-
ing the reheated slabs to said mill for reduction
to bars.therein, means for delivering said bars
from said mill to a hot strip mill for reduction to
hot strip therein, means for changing the rolls
of said strip mill to cold rolls, and means for
feeding said hot rolled strip to the cold strip mill
thus formed for cold rolling therein.

4. Apparatus for hot and cold rolling metal,
ingots into slabs,
means for reheating said slabs, means for return-
ing the reheated slabs to said mill for reduction
to bars therein, means for delivering said bars
from said mill to a hot strip mill for reduction to

hot strip therein, means for forming the hot strip.

into coils, means for changing the rolls of said

strip mill to cold rolls to form a cold rolling mill,
an uncoiler at one end of the strip mill, and a
reel at the opposite end of the strip mill, whereby
hot rolled strip from said coils disposed in said
uncoiler is rolled in said cold rolling mill and
wound on said reel. )

5. Apparatus for hot and cold rolling metal,
comprising a mill for rolling ingots into slabs,
means for reheating said slabs, means for re-

turning the reheated slabs to said mill for re- ;

duction to bars therein, a table for feeding said
bars from said mill to a hot strip mill, a delivery
table for receiving hot strip from said strip mill,
each of said tables having & removable section
adjacent the strip mill, an uncoiler mounted be-

low said removable feed table section, a cold reel -
. mounted below said removable delivery table sec-

tion, a hot coiler at the opposite end of said de-
lvery table, means for changing the rolls of the
strip mill to cold rolls to form a cold rolling
mill, and means for removing said table sections
and for delivering coils of said hot rolled strip
to said uncoiler for cold rolling in said cold roll-
ing mill

6. Apparatus for hot and cold rolling metal,

comprising a mill for rolling ingots into slabs, -

a shear for said slabs, means for reheating the
sheared slabs, means for returning the reheated
slabs to said mill for reduction to bars therein,
said shear being adapted to shear said bars,
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hot rolled strip to'the cold strip mill thus formed
for cold rolling therein. :

15. Apparatus for hot and cold rolling metal,
comprising an entry table, means for delivering
ingots thereto, a reheating furnace beside the
table, a reversing universal mill at the delivery
end of the table for reducing the ingots to slabs,
a run-out table for the slabs, a shear associated
with the run-out table for shearing the slabs,
transfer means beside said run-out table for
removing sheared slabs therefrom, means for
conveying the removed slabs to said furnace to
reheat them before returning them to said entry
table for reductiorr to bars in said universal mill,
said shear being adapted to shear the bars, a
strip mill at the delivery end of the run-out
table for rolling said bars into hot strip, said

strip mill having interchangeable hot and.cold

rolls, the delivery end of sajd Tun-out table be-
ing provided with a removable section, an un-
coiler mounted ‘below said table section, a coiler
for receiving said hot strip from said strip mill,
a delivery table extending from the strip mill
to the coiler and having & removable section
adjacent the mill, a cold reel mounted below
said delivery table section, and means for con-
veying coils of said hot rolled strip to said un-
coiler when said table sections are removed and
cold rolls are substituted for the hot rolls of
the strip mill whereby to cold roll the strip. =

16. Apparatus for hot and cold rolling. metal,
comprising an entry table, means for delivering
ingots thereto, a reheating furnace in coopera-
tive relationship with the table, a reversing uni-

. versal mill at the delivery end of the table for

- 40

reducing the ingots to slabs, a run-out table
for the slabs, a shear associated with the run-
out table, transfer means beside said run-out
table for removing sheared slabs therefrom, &
slab piler receiving slabs from. said transfer

" coiling the hot strip,

5

meahs, means for conveying piles of slabs from
the piler to a position adjacent. said furnace,

means- for. feeding the slabs into the furnace.
_to reheat them before returning them

to said
entry table for reduction to bars in said uni-
versal mill, a strip mill at the delivery end of
the run-out table for rolling said bars into hot
strip, said strip mill having interchangeable
equipment for hot and cold rolling, the delivery
end of said run-out table being provided with
o, removable section, an {uncoiler mounted below
said table section, a coiler for receiving said hot
strip from said strip mill, a delivery table ex-
teriding from the strip mill to the coiler and
having a removable section adjacent the mill,
5 cold reel mounted below said delivery table
section, pickling apparatus, and means for con-
veying coils of strip from the coller to the pick-
ling apparatus and for conveying pickled coils
to said uncoiler when said table sections are re-
moved and cold rolling equipment is substituted

for the hot rolling equipment of the strip mill

whereby to cold roll the strip. .

17. The method of rolling” metal comprising
rolling blanks in a mill to form work pieces, con-
veying work pieces while hot from said mill di-
rectly to a hot strip mill to reduce them to strip,
continuing the rolling of
blanks in said first mill after said hot strip roll-
ing is finished, exchanging the strip mill equip-
ment necessary for hoi rolling for that needed
for cold rolling, cold rolling the hot rolled strip
in the cold strip mill thus formed while blanks
are being rolled in said first mill, returning said

" hot rolling equipment to the strip mill after said

cold rolling i® finished, and repeating this cycle
of rolling whereby substantially all of the appa-
ratus is maintained in substantially continuous

operation.
. CHARLES H. MANION.
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