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This invention relates to the reduction of the
cross-sectional areg of metal bodies by .plastic
deformation. Although not limited thereto, it
is peculiarly well. suited to the tension . rolling
of metals of low elastic limit, such as steel strips,
sheets and like plastically deformable metals of
any description. :

There are two fundamental forces, which, when
applied in sufficient magnitude either singly or
in combination to & metal body, cause it to flow
plastically to alter and reduce its cross-sectional
area and shape. These are the forces of com-
pression and tension. The former is usually ap-
plied to a work piece by forcing it to move be-
tween rolls or dies having a restricted area of
pass, which compresses the work piece into a
smaller section and displaces its volume longi-
tudinally. Tension may be applied alone to cause
the metal to stretch, thus to become longer
and of lesser cross-sectional area, or in com-
bination with compression, as is the case when
non-driven rolls or dies are employed to com-
press the work piece, tension must be utilized
to draw it through.

Compression and tension may coact to elongate
and reduce the cross-sectional area of s work
piece, and this coaction may take place in sev-
eral ways: ' :

Pirstly, as has already ben mentioned, a metal

body may be pulled through stationary or roller: 30°

dies, whereby the metal at the exit side of the
zone of compression is under tension, while that

behind the zone of' compression is not utfder

tension, o
Secondly, the compression dies may be driven
to cause the metal to move therethrough and
become reduced, which movement may be re-
sisted anteriorly of the zone of compression to
impose tension on the material approaching the
rolls, in the absence of tension at the exit side
thereof.
Thirdly, a work piece may be tensioned before
and after the compression -zone, so- that, with
" driven rolls, the values of forward and back ten-

sion may be different, or of the same order, as .

where a work piece is tensioned through non-
driven dies. )
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such bodies have a thickness to width factor ap-
proaching unity, or are round, as ih the case
of bars, rods, and wire, ’

Similarly, reduction by compression and for-
ward tension, as where a work piece is pulled
through dies or idle rolls, with no back tension,
finds greater applicability in the drafting of
square or round sections than in the reduction of
flat sections, since these latter present a greater
surface for frictional contact with dies or rolls
in comparison to the cross-sectional area of the
stock to be reduced—as perfectly round section
affording the optimum conditions of minimum
frictional contact surface to area of mass in

‘this regard. Consequently, in flat sections, an
~excessive forward pull is needed to effect the draft,

resulting in the necking-down (in width) of
flat stock beyond the compressive zone.

... Tensions back and forward may be applied to

reduce flat stock through a compression means,
but, unless such means is positively driven, as
by live rolls, to advance the material, the back

- tension must always be limited by the forward
-tension; otherwise, the work piece would move

backwards through the compression zone. Since

-the cross-sectional area of the work piece after

reduction is less than before reduction, the total
forward tensile force applied, even if it were no
more than equal to the back tensile force, would
give substantially the same effect as a higher .
tension per unit of sectional area. Add to this
sufficient additional pull posteriorly of the die
necessary to advance the stock, and the tension
per unit of sectional ares will have become so
high as to exceed the elastic limit of the material,
causing it to neck-down in width.

Opposed to this is the relatively heavy section
of metal entering: the die, to which is applied a
tensile force less, than the forward pull, render-
ing -the unit’tension -(backward) of such a low
value as drastically,to’limit the drafting,

The reasons: for:-this Jimitation are to be found
in ‘the’ principles-underlying reduction by com-
préssion alone.” With: few exceptions, reduction
by compression is limited to the .production of

~ flat metal. stock, most of which is produced by

Of the several methods, tension alone is rarely -

. used because of the difficulty experienced in con-
- trolling .the radial components which cause the

mass of-a work piece to draw toward its draft-

axis when tensibly stressed beyond its elastic
limit, ‘This phenomenon, popularly referred to
as ‘“necking-down,” makes reductions of metal
bodies by tension alone more feasible where
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rolling between driven work rolls. - Heavy sec- -
tions of stock are, preparatory to rolling,. heated
to such tempeératures. wherein they are readily
deformable and are then forced into and through
the work rolls which reduce the gauge thickness

- andeffect the elongation thereof. So longas the

metal is sufficiently thick to provide a larger -

. inner mass to become plastic under pressure,

85

and, thus, to extrude through the work rolls dur-
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ing reduction, the gauge thickness may be pro-
gressively diminished. After the mass has he-
come relatively thin, the internal plastic flow
is practically eliminated, causing the ensuing re-
ducing and consequent elongation to come from
the superficial areas of the work piece. Since,
however, reduction is a matter of volumetric dis-

o

placement, and since the superficial areas present

relatively no volume, the resultant reduction is
rendered practically negligible beyond this poin.
This is true whether the material be hot or cold
in the absence of tension.

The high compression nhecessary to overcome
the limit of elasticity of the metal is effective to
clamp the metal firmly between the rolls. In
thin gauge stocks, where extensfon of the inner
mass is negligible, the clamping effect prevents
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the plastic: flow of metal so materially as to pre- .

clude reduction by compression alone beyond a
limited extent. With the rolls in motion, this’
resistance to flow through the rolls results in a
wringer action upon the work plece, causing a
bulge of metal to accumulate anteriorly of the
. pass, which in turn jams or wedges the rolls, and
creates enormous friction which is reflected in
the excessive compressive load factors beyond
which a mill cannot go. This frictional compo-
_nent cannot be overcome by any known means in
straight compression rolling to allow reductions
of flat metal stock to gauge thicknesses less than
.050”’ in widths up to 60’’ wide, nor less than
.080”’ in widths of 60’ wide or more, this being
true whether the stock is heated to high tempera-
tures, or is relatively cold. :

In order to make possible the reduction of
gauge thickness of flat metal stock to less than
050° or .080’’, depending on the width, it is
necessary to subject the material to such a ten-
sile stress upon the approach side of the com-
pression zone so as to materially lower the aver-
age unit compression stress at this point by re-
ducing the bulge of metal that tends to jam into
the pass. This tension is applied to the stock
upon the entering side of the rolls, and is of such
&n order as would cause the stock, after passing
through the rolls, to neck-down, if it were ap-
plied forwardly of the latter., .This precludes the
use of.stationary dies or idle rolis as the com-

pressive means, and requires that the reduction ;

be made through positively driven work rolls,
which not only compress the material, but effect
the advancement thereof as well. ‘ o
Back tensions of the order contemplated under
the present invention have not been possible
heretofore in hot mill practice because of the ex-
tremely low elastic limit of fiat stock under nor-
mal hot rolling conditions. Because of the low
elastic 1imit of hot roller stock, the production of
relatively thin gauge fiat material. such' as iron
and steel sheets and strip has not been possible
undef conventional hot mill practice. - C
/Although the present invention is chiefly di
rected to the application of tension in the reduc-
tion by rolling of metals having a relatively low
Himit of elasticity and 15 specifically concerned
with the application of back tension to the hot
rolling .of steel strips, sheets and similar mate-
_ rials, it is also applicable to the reduction of such
metals or products in cold condition. By render-
ing the tensioning of such material anteriorly of
the rolls possible, the limitation upon gauge
thicknesses producible by hot mills is entirely
reméGved, rendering feasible the reduction to
gauges of .010’” and less.
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In addition to the work. tactors involved, ten-
sion rolling is known to be beneficial to the finish
or surface condition of the metal in that it avoids
excessive friction, reducing the probability of so-

" called pinchers, cobbles, etc., and insures that the

metal tracks fairly into the dies or rolls. Be-
cause of these improved operating conditions,
substantial increases in speed have been made in
cold reduction methods, increasing both the yield
and quality of product produced on the present-
day mills. Furthermore, since 2 work plece is
subjected to both static and sliding friction in

‘the roll pass, its metallic fibers are subjected to

different degrees of stress, thosé acted upon by
static friction becoming stressed differently than
those acted upon by sliding friction. Thus, this
non-uniform stressing of the fibers naturally dis-
torts them, causing the overall metal piece to be
unequally strained, and, consequently, wavy, dis-
torted, and devold of the much to be desired flat--
ness. Since tension reduces the frictlonal com-
ponents, as previously noted, it is not the least of
its advantages that it minimizes the fiber dis-
tortion, and allows practically dead flat material
to be produced. Although proper lubrication can
be considered as an important factor in reducing
the troublesome friction, it cannot be regarded
as & substitute for tension in this respect, but
rather as an adjunct to the indispensable tension
assisting toward the desired end.

Because of the low limit of- elasticity of hot
mill material, and because of the impracticability
of applying efficient lubrication thereto, it has not
been possible heretofore to enjoy any of these
advantages accruing to cold reduction methods,
whereby hot rolling has had to terminate at
the heavier gauges. As has been said, any con-

" siderable tension either before or after the in-
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troduction of the hot metal to the rolls, causes
it to neck-down in lateral dimensions, whereby,
under continuous mill operations, the finishing
material is prohibitively narrowed in relation to
its starting width. )

By way of distinction, there has been, in the
past, means for applying very light tensions in-
termediate - the stands of contlnuous hot mills,
which, by so-called “looping” devices serve to
make possible a-sufficiently Hight tension between
the stands, by providing manual control of the
delivery speeds of the mill motors. These, how- -
ever, are little more than slack or loop preven-
tion devices, and, as such, are of little value in
reducing the aresa of rolling contact, or the com-
pressive loads of the mill, even though they
greatly assist in securing the correct tracking
of the strip, thus to minimize edge-curling, cob-
bles, pinchers, lappers, etc. The capabilities of
the hot mill have thus been determined largely
by the elastic limit of the material and its abil-
ity to withstand very slight tensions without
necking-down in width.

Thephenomenonofnecking-down, or that tend-

ency of metals under sufficient tensile stress to

flow plastically to gather toward, and evenly dis-
tribute its mass about, the axis of draft, is di-
rectly correlated to the elongation per unit length
of specimen under consideration. The longer the
unit length of specimen under stress, the greater
is the elongation, and proportionally greater is
the necking-down. Conversely, the shorter the
unit length of specimen under stress, the less
the elongation, and the less the extent of neck-
ing-down, even though the tensile stress in either
case remains the same.
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In cold mill practices, particularly in tandem
rolling, the strip is {ensioned by regulating: the
speed of the several mill stand roll motors, so
that any. forward stand tends to take in strip
at a greater rate than the preceding stang de-
livers it. Thus, the unit length of specimen
In this case becomes that amount of strip ex-
tending between stands, or a length equal to the
distance between adjacent. passes. Because of
the high limif of elasticity of cold strip, this
considerable length under tension is admissible

without incurring the risk of appreciable neck-

ing-down. -

In hot mill practices, particularly;in tandem

- hot strip miils, the distance of eighteen (18) feet
or more between passes is such as to render the

application of sufficient tension appreciably to

.. alleviate the frictional component of the succeed-
ing compressive zone, or roll pass, impossible
without necking-down the strip an inadmissible
amount. . Therefore, although very moderate ten-
sions have been applied to hot strip mills by the
manual control of the mill motors with the assist-
ance of so-called “looping” devices, thus to re-
duce lapping, pinchers, cobbles, etc., no substan-
tial diminution . of the rolling frictional com-

ponents or the compressive load factors have

been possible, and the gauge values have been
accordingly limited to the heavier thicknesses of
. strip. .
In recognizing that the amount of necking-
down in width of materials of low elastic limit is
dependent, among other things, upon the length
subject to tension, which would normally corre-

spond to the distance between the passes of a o

continuous mill, I have discovered that, by di-
minishing the tensioned length of material to g
dimension which is as small as possible, an ex-
ceedingly high tension can be applied from which
is derived all of the benefits attendant upon the
application of tension to. cold rolling, as well as

other advantages which will be discussed more .

in detail hereinafter, without necking-down the
material more than an allowable amount. .

In the preferred embodiment of my invention,

I propose to apply a tensile force to the material
upon the approach side of each reducing stand,
which, in point of application, is as close as prac-
ticable to the work rolls. As an illustration, the
tensioned length in proportion to the width of
the material, may be unity or less. In giving
effect fo this teaching in a-manner which would
appear to be the best embodiment, it is contem-
plated that a set of auxiliary rolls be applied to
the strip upon the approach side of the mill as
close as possible to the work rolls, which aux-
iliary rolls will be sufficiently compressively loaded

to effect some reduction in thickness of the strip-

and be so conirolled, in relation to the preceding
set of work rolls, and to the succeeding set of
work rolls, that the hot strip upon the entry side

thereof will be under substantially no tension, but-

will be under relatively high tension from the
exit side thereof to the reducing zone of the
succeeding work rolls to which they are proxi-
mate. Such an apparatus will function thus to
subject the material, as it enters the work rolls,
to a very high order of back tension over such
minimum distance of strip length that, when
posed agains{ the lateral retaining effect derived
from the clamping action of the auxiliary rolls
and the work rolls upon the strip, causes a mini-
mum amount of necking-down. Such necking-
down may be of an order in which, on the thicker
sections the lateral extrusions or fiow tending
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to widen the strip in the compressive zones will
offset that lost by necking-down in response to
such tension, or if not offset thereby, can at
least be made of such an order that it can be
allowed for in the over-all reduction, and thus
made economically and practicably feasible.

The purpose is to regulate the flow of material
into the work rolls in such a manner as to cause
it to stretch, and become reduced in thickness
to the point where the work rolls perform rela-
tively little compressive function to bring the .
work piece to gauge, and thus act more as sizing
and shaping devices than as deforming dies, The
only limits upon this seem to be that the mate-
rial shall not be reduced in thickness by stretch-
ing beyond the point where tractive effort be-
tween the rolls and work piece ceases. Because
the effect of such auxiliary rolls is to regulate the
amount; of material fed into the work rolls, they
have been designated as “metering”- rolls, by
which term, for convenience and clarity of ex-
pression, they will be hereinafter ecalled.

It is, therefore, the primary cobject of the

‘present invention to provide novel method and

means for reducing materials capable of plastic.
deformation, and particularly such materials hav-

" ing a low limit of elasticity, by the coaction of

compressive and tensile forces thereon in which

- such tensile forces are of an order sufficient to

40

exceed the elastic limit of such material, withous
necking-down the material in width more than
an admissible amount, .

It is another object to provide means for hot
rolling strip steel under tension wherein the ten-
sion applied is in excess of the elastic limit of
the material, while critically controlling the neck-
ing-down thereof in width as well as in thickness.

It is still another object to provide means for
tension-rolling materials of low elastic Nmig
which will enable the adoption and use of mush
lighter equipment than is at present possible,

.which will also permit of the substantial reduc-

tion in number of passes to the same gauge, and
to lighter gauges, in the case of hot strip steel.

It is a further object to provide for the pro-
duction of hot strip steel to gauges heretsfore

- obtainable only by cold mili methods.

It is & further object to provide for the produe-
tion of a strip steel in such a manner that, from

50 {he same slab temperatures as now applied, fewer
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reductions will be necessary to attain an exceed- i
ingly light gauge, thus preserving the heat of the
work piece, and permitting it to be colled at very
high temperatures later effective in self-gnnesl-
ing the coil, , '

"It is a further object to provide for the pro-
duction of hot strip in such a manner that its
surface will be relatively free from scale and
other imperfections,’ and -which,. in gauge and
finish, will closely approach cold strip produced
by cold reduction methods.

"~ It is a further object to increase_the yield of
hot strip mills per operating period and to min-
imize the production of scrap, particularly on
wide width sheets and strip. A

It is a further object sufficiently to stretch hot
strip material without undue necking-down to
elongate fibers of the metal sufficiently so as to

; render subsequent cold reduction and/or roller

70
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and stretcher leveling unnecessary.

It is still a further object so to reduce the com-
pressive load of each of the finishing stands of
a hot mil as substantially to minimize roll defor-
mation, and to enable the use of relatively light
2-high mills where 4-high mills are now em-




4
‘ployed, and with better uniformity in gauge of
product across the width. ~
.- Many other objects and advantages, particu-
larly with respect to the economics of present day
hot mill operations, and hot mill operations versus
cold mill operations, will become apparent from
the following specification when considered in
conjunction with the accompanying drawings, in
which:

Tigure 1 represents a schematic elevational
view of a continuous mill to which a preferred
form of the invention has been applied.

Figure 2 is a partial plan view of Figure 1, il-
lustrated with the backing-up rolls removed from
the 4-high rolls. . -
 Figure 3 is a schematic. plan view illustrating
the phenomenon of necking-down as would re-
sult from the application of substantial tensions

to present hot mill equipment and practices, and’

Figure 4 is a diagrammatic view illustrating an
electric control for such & mill designed to give
effect to the present invention. o

In the drawings, with reference to Figures 1
and 2, a continuous hot mill comprising conven-
tional 4-high stands f—I, having work rolls 2,
and conventional looper control 3 between stands,
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is provided with metering rolls 4 at the approach_.

side of each of the 4-high mill stands, and as
close thereto as is practicable. Guides 5 may be
applied to.facilitate the passage of the material
between the metering rolls 4 and the work rolls-
2, in each instance. A coiler §, adapted to exert
a moderately low tension upon the material as it
is delivered from the last finishing stand, is shown
for coiling the material in even, tight coils. It is
obvious that, if it is desirable, the fiat type of
run-out tables may be provided for use with the
present invention as is customary on the hot
mills currently in vogue.

The arrangement of parts is
strip S, between its point of exit from work roils
2 of one stand, to its point of entry into the
metering rolls &of the succeeding stand, is under
no tension, or tension of a moderately low value,
such as is conventionally applied. This is insuffi-
cient to cause necking-down, but assists in the
correct feeding of the material into the metering
rolls, and prevents lappers, pinchers, and cobbles

‘such that a hot
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at this point. Thus, throughout the larger linear -

extent of strip disposed between the work passes,

no tension greatly in excess of the elastic limit-

of the work plece is applied. For this purpose,
and as will be later described in connection with
Figure 4, the metering rolls 4 are driven in rela-
tion to the preceding work rolls 2 so as to receive:
the material at substantially the same rate as it
is delivered by the latter. To insure that this
relationship is maintained, the convenional loop-
er or tensioning roll control 3 may be provided.
The work rolls 2 succeeding the metering rolls:
4, with which the latter are associated, are con-
trolled to forward the strip at a greater rate than
it is delivered by the metering rolls, thus to exceed
the elastic limit of the material over a very
short distance of its length, so as to give effect
to the back tension, and its attendant advan-
tages, as previously described. To dppose this
tension, the metering rolls clamp the strip suffi-
ciently firmly to perform a slight reduction of
the material—from one to ten percent reduction
in gauge being representative. ’
. In the interest of winding moderately tight
coils, the coiler 8 inay be controlled to exert a
moderately low tension on the strip as it leaves
. the last finish stand to be able to wind-suitable
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colls without necking-down, and without allow-
ing substantial oxidation of the inner faces there-
of. In this connection, the scale which is formed
on the steel at high temperatures is known to be

. deozidized or reduced back to steel again when

it is coiled within moderately tight wound con-
volutions and allowed fo stand. It should be
noted, however, that the present invention, by

-virtue of the heavy back tension applied, would

cause any scale that is formed to be cracked off
and blown away upon the approach side of each
work zone, thus leaving only slight amounts of
secondary scale, which is reformed on the stip-
between passes, and between the last pass and the
coiler. This minimization of scaling, and the
partial reduction of what scale does form, effects
an advantageous savings in pickling practices. -

In Figure 3 there is disclosed a conventional
type of mill in which the strip is passed between
work rolls 2—2’ in the direction of the arrow A.
When the mill is thus threaded but not running,
and tension is applied, under this static condi-
tion the strip tends to reduce in width, coming
to its narrowest dimension at a point equidistant
from the compressive zones of the work rolls

'2—2', as is represented by the broken lines in

this figure, The material at such zones tends
to extrude sideways, provided it is of sufficient
thickness to do so, as is indicated at T in Figure 3,
and is afforded lateral support by the clamping
action of the rolls.” When the mill is operating

‘with such tension, the effect is to cause the neck-
.ing-down action to progress between stands (the

Iaterally clamped strip becoming tractable under
motion) so that thenarrowest point occurs im-
mediately adjacent the entry of the material into
the second stand, as is represented by the solid
lines 8. If applied throughout a sufficient num-
ber of passes, the strip would ultimately lose
most of its transverse dimension and thus become
unsuitable for wide strip applications.

As contrasted with this, the action of the pres-
ent invention is disclosed in Figure 2 in which the
strip S, between the work rolls 2 and the meter-
ing rolls 4¢ and moving in the direction of the
arrow A, is not under such tension as will cause
substantial necking-down, while between the

‘metering rolls 4a and the succeeding work rolls

2a. the material, though subjected to heavy ten-
sion, is of insufficient longitudinal extent to cause
the necking-down factor to be appreciable.

In this figure it will be seen that the strip S,
moving in the direction of the arrow A, extends
between the work rolls 2 and the metering rolls
4a at ma\ximum width since, in this and corre-
sponding zones, it is under substantially no ten-
sion. Between the metering rolls 4a' and the
work rolls 2¢ a heavy tension in excess of the
elastic limit is imposed upon the strip, which is
caused to neck down, as indicated at N. Since
this is not a static load, but is applied with the
mill’s running to advance the material, the nar-

- rowest portion of the strip, as a result of necking

down, occurs immediately before the compres-
sive zone of the work rolls 2¢. Upon entering
this zone, the material, if sufficiently thick to do
so, spreads laterally as{s indicated at 1a, whereby
a substantial amount, if not all, of its pre-ten-
sioned widfh may be recovered. From the work
rolls 2a to the metering rolls (not shown) of the
succeeding pass, the sfrip is again relieved from
substantial tension and tends to maintain the
maximum width resulting from ifs compression
in the work rolls 2a, as is indicated at Ta. The
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same procedure is repeated in connection with
the succeeding and preceding metering rolls and
work rolls (if any) so that the material is repeat-
edly necked down, as indicated at N, and restored
to width as at Te, and forwarded under & substan-
tial absence of tension, wheieby its recovered
width is substantially retained. In this manner,
even should there be sustained some over-all
diminution in strip width by virtue of the neck-
ing down, it will be of such a moderate amount
as to be allowable for in advance by selecting a
work piece sufficiently over-size to produce a final
strip of the required width under’the conditions
of properly regulated tension here contemplated,

" Various methods' may be utilized to provide
control of the amount of tension developedyin the
strip between the work rolls of a mill stand and
the associated metering roils. The arrangements
to this end herein described are suitable for giv-
ing effect to the invention in g satisfactory man-
ner, but should be regarded as illustrative rather
than as restrictive. :

- Electrical .control might be employed, for ex-
ample, in an arrangement similar to that shown
in Pigure 4. In this system, tension control is
obtained by using variable field strength applied
to the shunt fields of the work roll drive motor
and to the similar fleld of the associated metering
roll motor, .

There is illustrated in Figure 4 a'portion of the
finishing stands of & tandem rolling mill. The
operating speed of the mill as g unit is controlled
by the variable voltage method of the Ward-
Leonard system in the illustrateq embodiment.
One or more constant speed main generators G
have their shunt fields 2 separately excited by
the exciter E, the value of excitation and, conse-
quently, the terminal voltage of the main gen-
erator being variable by operation of the motor
driven rheostat t!. A preselected variable volt-
age determined by the desired operating speed
of the mill is impressed upon the various mill
drive motors through the variable voltage bus
lines 8 and 9,

"The mill drive motors W1, Wa (the armatures
of which are mechanically connected to the work
rolls 2) have their shunt fields {2 excited from &
constant potential source of current, supplied
through the lines {4 and 14’, from any suitable

source of supply, as for instance, a general ex- .

citer unit C. To provide control for changing
the operating speed of an individual mill stand,
& counter-E, M, F. exciter L is placed in series
with the shunt fleld 13 of each individual mill
stand drive motor W, the speed of which is in-
versely proportional to its shunt field strength.
The excitation of the shunt fleld 23 of the ex-
citer L is controlled by means of a manually
operated rheostat 17 in series with this field.

A Dpair of metering rolls 4, disposed closely
adjacent to the work rolls 2 at the entry side of
the latter, are mechanically connected to a
motor M, the shunt field 16 of which is excited

from the common supply lines 14 and 14’. - This -

fleld 16 is also in series with the exciter L and
the motor speed is variable in response to opera-

* tion of the rheostat 17, Thus, the speed of the

drive and tenslon combination of any stand may
~be changed as.a unit without disturbing the
relation therebetween, and while maintaining the
drive and tension combinations of other stands at
a copstant speed. It is to this rheostat (7 that
the looper device 3 may be mechanically con-
nected automatically to control the condition of

5
tension or slack between adjacent stands: (e, £.,
Aand B, Fig. 4),

Independent speed control of the metering rolls
4 is obtained by manual operation of the rheo-
stat 19 which is in series only with the shunt
fleld 18 of the metering roll motor, of which Mz
is typical.

Provisions is made for controlling the amount

" of tension in that portion of the strip which is
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between the work rolls 2 and the associated
metering rolls 4 by the use of the manually op-
erated rheostat 18 which is also in series with
the shunt field 16 of the motor ‘Ma, Decresasing
the resistance in the rheostat 18 increases the
field strength of the motor Ma resulting in a
decrease in speed of this machine. )

For the purpose of describing the operating
sequence, let it be assumed that thée mill operator
decides upon the drafting practice to be followed
in reducing the work piece from its roughing
stand exit gauge to the gauge desired in the fin-
ished product. The per cent reduction to which
each stand subjects the work plece includes con-
sideration of the required screwdown bressure,
linear speed of strip travel and distribution of

~ load among the individual stands within proper
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limits of the respective mill stand drive motor
ratings.

The finishing train .(of which the stands illus-
trated in Figure 4 may be considered g part) run-
ning light, is accelerated to desired rolling speed
by the progressive increase of voltage generated
in the main generators G by operation of the
motor driven rheostat 1. As conventional equip-
ment, each stand is provided with a speed meas-
uring and indicating device such as, for example,
& tachometer generator with associated meters
(not shown) calibrated in linear speed of strip
travel and having adjustment of calibration for
different roll diameters. Each set of metering
rolls should also be provided with similar devices.
The operator observes the indicated peripheral
speeds of the work rolls 2 and the associated ten-
sion rolls 4, and, if the speed of the latter differs
from that of the former, the rheostat 19 is ad-
Justed so that the surface speed of the metering
rolls 4 is matched with that of the associated
work rolls 2, This regulation is particularly
advantageous when work rolls of g certain
diameter are replaced by others having a differ-
ent diameter. ‘ ’

Assuming that the front end of the work piece
S has passed through the first finishing stand A
and has been subjected to a bre-selected reduc-
tion, it Is conveyed forward until it is engaged
by the metering rolls 4 of stand B. The hori-
Zontal component of the compressive force ex-
erted by the tension rolls 4 continues to move the
work piece into engagement with the work rolls
2 of stand B in whicn it is subjected to an addi-
tional pre-selected reduction.

When reduction is initiated in stand B, the
drive motor W3 of this ‘stand draws an increased
value of load current, causing & substantia) volt-
age drop across its compensating fleld-winding
20. This drop is utilized .to energize the coil of.
a load relay 21 to operate contactor 22 shunting
out a pre-selected portion 24 of the resistance in
the tension control rheostat 18 sufficient to result
in the relative reversal of the torque exerted by
the motor Ma. This relative torque reversal in
the motor Mz creates a generator action which
exerts a retarding influence or drag upon the
forward movement of the strip S through the
metering rolls 4, causing tension to be developed

(R
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in the strip between these rolls and the work
rolls 2 with which the former are associated.
The amount of tension developed in the strip
S is proportional to the increase in the shunt
field (16) strength of the-motor Ma caused by
shunting out some portion 24 of the resistance
in -Theostat (8. It will be recalled that for a
given design of motor, the torque is proportional
to the product of the fleld flux and the armature
current. When the direction of the armature

current, is reversed, the product becomes nega-.

tive and the torque is reversed. The speed of the
motor varies inversely as the flux or ampere turns
in the shunt field circuit.

When the resistance 24 of rheostat 18 is shunt-
ed out the normal speed of the motor Ma tends
to decrease & proportional amount: Since, how-
ever, this motor is mechanically connected to the
metering rolis & which are turned by the strip S
as the latter is advanced by the work rolls 2, the

. armature of the metering roll drive is made to
revolve at the greater previously established
speed, thus creating counter E, M, F. greater than
the applied voltage. Accordingly, the armature
current flows in the opposite direction, and a re-
verse torque is developed in the machine Ma,
causing it to become, in effect, a drag generator.

It will be understoed that the foregoing, illus-
trated in conjunction with but two stands (A and
B) of the finishing train, involving work rolt
motors W1 and Wa, and metering roll motor-gen-
erator Mzs, is applicable to as many stands of the
finishing and even roughing trains or reversing
mills as it is desired to apply the invention,

By virtue of the heavy tension thus realized,
the wave or bulge of metal which is known to
form at the approach side of conventional hot
mills is entirely eliminated, substantially reduc-
ing the friction and area of contact between the
work rolls and the strip, thus resulting in & sub-
stantial minimization of the compressive load to
which the mill must subject the strip for the same
amount of reduction, or resulting in a greater
reduction at the same compressive Joad.

Among the outstanding advantages of the pres-
ent. method is that which will enable hot strip
steel to be reduced to gauges heretofore impossi-
ble of attainment. Thus, it is entirely feasible
in accordance with the present invention to re-
duce strip steel down to tin plate gauge and then,
by virtue of the residual heat of the material in
coiled fofm, to enjoy the beneflts of self-anneal-
ing, for strain removal and grain growth, to pro-
duce a material without any further processing
that will compete directly with cold strip. In
this respect, it will be borne in mind that cold-
reduced strip must be annealed one or more
times, and subjected to several cleaning opera-
tions as a result thereof. The present invention,
to the contrary, entails no annealing, and has
only very light pickling requirements, as pre-
viously described. Furthermore, from the stand-
point of physical properties, the hot strip here
contemplated need not be rotler or stretcher lev-
eled to meet the exacting requirements of the
‘present cold strip trade, and might need only one
light pass on & cold mill to develop the surface
properties now enjoyed by material produced pre-
dominately by cold mill methods. ’ :

. Because of the great relief in compressive
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stress, hot mills for rolling metal hot from slab

to very thin gauge strip are envisioned that re-
quire no more than four or five stands, including
both the roughing and finishing trains, where
now ten are employed. In fact, by proper appli-
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-width is not objectionable.
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cation of the metering function Lerein contem-
plated, a large mass of metal, such as an ingot,
bloom, billet, or slab, if heated nearly to the melt-
ing point, could be reduced to sheet or strip gauge
in one pass by correlating the metering roll speed
to the work roll speed to stretch the work piece
to gauge, or nearly to gauge, before entering the
work rolls. Such an application could advantage-
ously be made in connection with continuous
casting processes, immediately after the metai has
passed from the molten to the solid state.

In addition, the more conventional types of hot
mills may not need to be of the same heavy con-
struction as at present, and, in fact, 2-high mills
instead of the present 4-high mills are believed
to be entirely feasible within the practice of the
present invention. Thus are the economics of
hot mill practices vastly improved, and rendered
superior to combined hot and cold mill methods,
which have heretofore been necessary in the pro-
duction of light gauge sheet and strip. It will be
appreciated that these economies are more man-
ifest on wide gauge material, wherein the actual
pressure loads, and the difficulty of feeding sheets
through without edge stretching, cobbles, pinch-
ers, and.so forth, are greatly enhanced, although
the invention will find many economical applica-
tions to the narrow strip field, as well as in the
reduction of hot rods and wire, or any material,
whether hot or cold, having low elastic limit.
Nor need the work piece be of substantial longi-
tudinal dimension to enjoy the full benefits of
this invention, since the advantages flowing from
back tension may be applied to any work piece
sufficiently long to extend throughout the major
portion of its length during the reduction from
the metering rolis to the work rolls at any given
pass. :

Even though the invention has bheen disclosed
as applied to continuous mills, it will be ap-
preciated that it is equally applicable to re-
versing mills, iIn which case a pair of metering
rolls will be disposed at each side of the work
rolls with those upon the approach side of the
mill being used for tensioning purposes, while
those on the exit side  can be disposed so as
to assist in the forwarding of the strip through
the mill, or may be liffed out of the pass line
so as to permit the strip to pass therebetween
without engagement. : ‘

It will be equally obvious that other tenslon-
ing means besides tension rolls as here illus-
trated can applied without departing from the
teachings of this invention. Various types of
frictional drags, from dynamic brakes to stag-
gered bearings (as in breaker rolls to impart
sinuous travel) may be utilized, so long as the
distance through which the tensioned work piece
must run without lateral support is minimized,
and fairly well proportioned to the width of
piece,

The advantages to be derived from placing
the metering rolls as close to the work rolls as
possible can well be appreciated from the fore~
going specification. However, the metering func-
tion can be perfomed just as satisfactorlly by
rolls placed any distance from the work rolls,
or at any point intermediate the stands of a
tandem mill, if more. or less necking-down in
In fact, & con-
trolled necking-down can be derived by such an
arrangement that can be turned to advantage
rather than otherwise, while the prestretching-
to-gauge benefits of unloading the mill work rolis
to reduce friction and produce stress-free, flat
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stock, ete., obtain just as in the previously dis-

- cussed closed-roll arrangement. .

From the foregoing it will be seen that the
present invention is concerned essentially with
the prestretching of metal in g controlled man-
ner nearly to gauge as it enters work rolls, to
relieve the latter of excessive frictional and
compressive load factors, using the work rolls
themselves as a tractive clamp against which
tension is applied as the metal is forwarded
thereby. In hot mill applications, such as con-
tinuous hot strip mills, the length of metal sub-
jected to stretching tension is preferably mini-
mized anteriorly of the work rolls, which clamp
the metal to maintain its dimension of width,
whereby the ratio of tensioned length to sup-
ported width is as low as possible to reduce
the necking-down in width. Therefore, stated
another way, the invention is essentially a means
and method of controlling the necking-down of
metal sections, in both transverse dimensions
(thickness and width) to give a finished work
Diece of the required shape and uniformity.

Since the apparatus for giving effect to the
novel relationships herein disclosed may as-
sume a variety of forms, it is intended that the
herein disclosed embodiment be regarded as illus-
trative rather than restrictive. Accordingly, it
is not intended that the Present invention be
limited thereby, other than is called for by the
recitation of the appended claims. '

I claim: : C

1. In the production of fat metal objects of
low elastic limit by rolling, such as hot steel
sheets and strip, the improvement which in-
cludes passing such an object through reducing
rolls driven to advance the work piece, resist-
ing the advance of the work biece into the rolls
by a force applied uniformly thereto closely ad-
Jacent its point of entry into said rolls, said
force being in excess of the elastic limit of the
material., ' S

2. The method for continuously reducing flat
metal shapes of low elastic limit which includes
successively passing such. material through a
Plurality of reducing zones spaced apart a dis-
tance equal to a multiple of the width of the
material, maintaining the greater part of said
material between zones under insufficient ten-
sion to cause appreciable necking-down there-
of, while subjecting a small part of said mate-
rial between zones, adjacent the entry of each,
to a tension sufficient to stretch the material.

3. The method of reducing metals having a
relatively low limit of elasticity while under-
going reduction, which includes forwarding the
metal through réducing means to reduce its

gauge thickness, applying a tensile pull to the

metal in excess of its elastic limit so as to resist
its entry into the reducing means, limiting the
necking-down, in width thereof by supporting the
extremities of the tensioned portion of the metal
to counter the necking-down forces effective to
reduce the width gauge thereof, and maintaining
said supported extremities in close proximity.

4. The method of reducing flat metal stock
which includes stretching the stock between two
bearings spaced less than the width of the stock
apart, and compressively rolling said stock by at
least cne of said bearings. -

5. The method of reducing flat metal stock
which includes stretching the stock between two
bearings spaced less than the width of the stock
apart and compressively rolling said stock by at

least one of said bearings, while retaining sub-

i

stantially the prestretched width of the stock

" at said bearings.
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. 6. The method of reducing flat metal stock
which includes stretching the stock longitudi-
naily between two bearings spaced along its
length not more than the width of the stock
apart, compressively reducing the stock by said
bearings, and retaining the greater transverse
dimension of the stock at said bearings during
the stretching operation.

7. The method of continuously reducing suc-
cessive portions of flat metal stock which in-
cludes stretching the stock longitudinally be-
tween two bearings spaced along its length not
more than the width of the stock apart, moving
the stock between said bearings, and continu-

" ously retaining the greater transverse dimension
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of the stock at said bearings during the stretch-
ing and moving operation. -

8. The method of continuously reducing suc-
cessive portions of flat metal stock which in-
cludes stretching the stock longitudinally by
applying tension thereto in excess of its elastic
limit, supporting the tensioned portions of said
stock to preserve the flatness and with thereof
at a plurality of bearings spaced along the
stock’s length not more than the width of the
stock apart, and continuously forwarding the
stock.

9. The method of reducing flat metal stock
which includes advancing the stock through and
by driven compression rolls to reduce its thick-
ness, tensioning the stock upon the approach
side of the rolls for a distance along its length
not in excess of the width of the stock, thereby
simultaneously stretching and compressing the
stock progressively along its length, and sup-
porting said stock at least adjacent the extremi-
ties of the tensioned extent thereof to retain
substantially its prestretched width during the
reducing operation. ’

10, The method of reducing flat metal stock
continuously which includes tensioning and
compressing the stock simultaneously to exceed

5 its elastic limit, and supporting the stock

throughout the tensioned portion . thereof by
width-retaining bearings spaced longitudinally

" of the stock no more than the width of the stock

apart, at least one of which acts on said stock
to effect the compressing thereof.

11. In a hot rolling of metals the improvement
which includes passing a preheated body between
a pair of compression rolls to reduce and elon-
gate said body, introducing said reduced and
elongated body into a second pair of compres-
sion rolls, and, within a distance from the sec-
ond pair of rolls not substantially greater, and
preferably less, than the width of said body, in-
troducing said body into a third pair of com-
pression rolls, driving the first and third pairs
of rolls to forward the body, driving the second
pair of rolls at a surface speed so related to the
surface speed of the first pair of rolls as to min-
imize tensioning the body therebetween, and
driving the third pair of rolls at a higher sur-
face speed than said second pairs of rolls, while
the body is in engagement with the three pairs
of rolls.

12, Apparatus of the class described compris-
ing a plurality of principal work rolls, a plu-
rality of metering rolls interposed between said
work rolls, said metering rolls being placed close-

ly adjacent the latter upon the entering side

thereoi, means for driving proximate metering
and work rolls differentially, and means for
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maintaining the surface speeds of preceding
work rolls and succeeding metering rolls in such
relation that the latter rolls receive a work
piece at substantially the same. rate as the
former rolls deliver it. A

13. In & rolling mill, means for compressively
acting on different portions of & contiguous

work piece at points no greater a distance apart
than the maximum width of work plece that can
be accommodated thereby, said means being
adapted to stretch the work piece therebetween,

" 5. and to support its edges to maximum width posi-

tion during the stretching operation.
‘ EDWIN T. LORIG.



