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. 4 Claims

This invention relates to the rolling of metal
strip and, in particular, to the cold reduction of
strip by passing it through a plurality. of roll
stands successively.

Metal strip is commonly reduced to final gauge
by cold rolling it progressively in a plurality of
4-high mills or by repeated passes back and forth
through a single stand reversing 4-high mill.
Tension is usually applied. to the strip as. it
emerges from the rolls and back tension may also
be applied to the strip as it enters the rolls.. The
deformation of the material thus accomplished
. results from the combined effect of the tension
applied to the strip and the compression exerted
by the work rolls in-the plane containing their
axes, and is in the nature of a uniform displace-
ment by extrusion or flow of the grains, both
sides or surfaces of the strip being deformed ap-
proximately equally.

I have invented a novel method and apparatus
for cold rolling metal strip whereby one side or
surface of the strip is deformed fo an extent
greater than the other in passing through one
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stand of rolls and the other side or surface is -

deformed to an extent greater than the first-

mentioned side in passing through a succeeding .

stand of rolls. I employ a plurality of 3-high roll
stands, each of which has a middle roll smaller
in diameter than the outer rolls.
entered between the rolls so that in the first pass,
one side of the strip engages the middle roll and,
in the next pass, the other side of the strip en-

gages the middle roll. ' I also maintain tension. -

on the sirip entering and leaving the mill. By
this. methoy,.I work the two sides or surfaces
of the strip alternately and obtain a somewhat
angular flow of the metal which results in what
I elect to desighate “angilar re-orientation.”
The product of this method, when tested parallel
and transverse to the direction of rolling, ex-

hibits characteristics more nearly equal than the’

- product of conventional rolling methods. -

My invention also has a speécial application to
the removal of “set” which is the transverse
curvature - sometimes exhibited by -cold-rolled

“The strip .is -

3¢

journaled therein.. The rolls of the several stands
have their axes substantially in the same verti-
cal'plane. I also provide strip-tensioning means
and a coiler on each side of the mill. By this
arrangement, the strip may be passed back arnd
forth through the mill successively until it has
been reduced to the desired final gauge.

Further novel features and advantages of the
invention will become apparent during the fol-
lowing complete description and explanation
which refer to the accompanying drawing illus-
trating the apparatus and proceduré of a pre-
ferred embodlment ang plactlce In the draw-
ing,

Figure 1 is a cenfral vertical section through a
mill and associated apparatus, adapted for car-
rying out the method of my invention; . .

Figure 2 is a sectional view to enlarged scale
through a piece of strip illustrating the reduc-
tion preduced by passing it through. the first 3-
high roll stand; and ’

‘Figure 3 is a similar view illustrating the re-
duction effected on passing the strip through the
second. stend.

. Referring in detail to the drawing, a rolling .
mill 10, as illustrated therein, comprises spaced
hausings {{, each having a window {2 adapted
to receive bearing chucks in which are journaled
the rolls of at least two 3-high roll stands. One

-3-high stand of rolls includes outer rolls 13 and .

14 and a middle roll 5. Another stand includes

" outer rolls 16 and {7 and a middle roll i8. The
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strip.. For this purpose I subject the material -
to.a pass between the rolls of a 3-high stand -

with: the concave side of the strip in contact

. .rolls.

with the ‘small middle roll whereby that side is .

deformed more than the other side, thus.leaving
the strip in' a final shape which -is more nearly
level. :

The apparatus which I prefer to employ in-
cludes a mill comprising a pair of spaced hous-
ings having & plurdlity of 8-high roll stands

60

rolls have necks journaled in c¢hucks. designated
by the same reference numeral as the rolls with.
a prime affixed. - Spacer blocks {9 are dispcsed
between the chucks 13’ and 16’. The chucks o
the rolis forming the lower stand are support
by screws L0 operated .by a motor 2i having a
built-in speed reducer 22. The reducer 22 drives
a shaft 23 having worms thereon meshing with
worm wheels disposed in cases 24 and threaded -
on the screws. The chucks of the rolls forming .
the upper stand are held in proper relation by
screws 25 actuated by mechanism indicated at
26, similar to that just described.

The middle rolls 15 and 18 of the two 3-high
stands are quite small' compared to the outer
In the illustrated. embodimeni, fér. ex-
ample, the middle rolls have a diameter about
one-half that of the outer rolls. While the ratio-
of the diameters of the ‘middle and outer rolls’
need not fall within any specific limits, the middle
roll should have a diameter which is small com- -

- pared fo that of the outer rolls .or, at least, to

the dxameter ‘of the outer roll with which: the
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strip is in contact. While it is not necessary that
the outer rolls of the stands be of the same diam-
. eter, this is usually convenient from the operat-
ing standpoint.

Tenslon-roll stands 27 and 28 are mounted
on opposite sides of the mill and coilers 29 and
30 are disposed beyond the tension-roll stands.
The latter are composed of a pair of rolls 34 jour-

naled in spaced housings 32. The rolls are pref-

ersbly arranged to be driven by any suitable
means and are also provided with means for ap-
plying braking action. The driving and braking
may conveniently be combined by providing an
electric motor for driving the rolls and utilizing
regenerative braking. The coilers 29 and 30 are
likewise provided with suitable driving motors
and braking means. ‘ : '

In utilizing the apparatus described above for
rolling strip according to the method of my in-
vention, I take-the oufer end of a coil of strip
33 disposed, for example, on the mandrel 38 of
coiler 29 and pass it around the lower roll 3{ of
tension stand 21, thence between the rolls of said
stand and around the upper roll thereof. I then
thread the leading end of the strip between the
‘rolls 13 and 15, thence around the roll {3, be-
tween it and the roll 16 and thence around the
latter and between it and the roll 18, I then lead
the strip around the upper roll of tension stand
28, between the two rolis thereof and around the
bottom roll, and thence to the mandrel of coiler
30. . :

With the screws 20 and 25 adjusted to give the
desired drafts on the-strip as it passes between
the rolls of the two 3-high stands successively, X
drive the coiler 30 and the tension rolls 28. The
coiler 33, now serving as an uncoiler, and the rolls
of tension stand 21 are retarded to provide the
desired tension on the strip entering the first
or lower stand of reducing rolls. .

. The rolls of the two 3-high stands are prefer-
ably driven by any suitable means, conveniently

by -separate motor drives with speed-control -

meéans so that the rolls of the second stand may
. be driven at a peripheral speed sufficiently great-

_er than that of the rolls of the first stand so as to
maintain tension on the strip between the two
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and anvil, the small roll performing the function
of the hammer and the large roll that of the
anvil . Lo ‘
Pigure 3 illustrates the reduction effected in .
the second pass. As there shown, the upper sur-
face of the strip is deformed along the curve [8a,
corresponding to the curvature of roll 18,'to a
greater extent than the deformation. along the
curve i6a corresponding to the curvature of roll
{6. In the second pass, therefore, it is the portion
of the strip above the median plane of the enter-
ing material in ‘which the principal reduction is

effected. The alternate deformation of the two .

sides or strfaces of the strip causes angular plas-
tic flow of the metal resulting in. angular re-
orientation of the grains, This tends to prevent
the occurrence of preferred orientation to &
marked extent, leaving the material with more
nearly uniform characteristics parallel and

transverse to the direction of rolling than in the .

case of strip rolled by conventional methods and
apparatus.. The method of my invention ap-
parently results in an angular displacement of

"successive layers of the original material caused -

by working each of the two surfaces successively
to a greater extent than the opposite surface.
The  direction of relative slippage between the
several planes is reversed in passing through the
two stands successively.

After substantially the full length of the strip

" in the coil has been passed through the two

35.

40 tension on the- strip between the stands.
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stands, despite the elongation resulting from the .

reduction in the first stand. The tension stand
28 and the coiler 30 maintain ‘forward tension
on the strip emerging from the second stand.

It will be noted that, under theé conditions de--
scribed, the bottom side or surface of the strip
designated S will be engaged by the small or
_middle roll of the first stand, while the upper
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stands, the mill is reversed, as well as the fune--

tions of the tension stands and the coilers. The -

strip is then subjected to a second pass through
the two stahds successively under tension as de-
seribed before. It will be evident that the rolls
of the lower stand must be driven, on the reverse
pass, at a speed higher than that of the rolls of
the upper stand, in order to maintain the desired

strip is again reduced by successive deformations
effected principally in the two sides thereof as
previously described. Rolling of ‘the strip in op-
posite directions is continued until it has been
reduced to the desired final gauge. ’

My invention also contemplates subjecting
cold-rolled strip to one or more passes through
a single stand of rolls to remove “set” therefrom.
This “set” is a transverse curvature which some-

times charsacterizes-cold-rolled material. To re-.

‘move it, T pass the strip between the upper roll °
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"side or surface of the strip will be engaged by the -

-middle roll of the second stand. This causes the

alternately or, at least, causes one surface to be
deformed much more than the other, in each of

. two-sides or surfaces of the strip to’be deformed
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the two passes. This results from the relative -

diameters of the rolls

[ engaging the sirip in each
of the two passes. ' S o

13 and the middle roll 15 of the lower stand, as
indicated by a chain line 35, or between the lower
roll 16 and the miiddle roll 18 of the upper stand, -
as indicated by chain line 36, depending on the -
direction of the “set.” The strip should be started

‘through the mill so that the concave surface will -

be engaged by the small roll and thereby sub-
jected to greater deformation than the other sur- .
face, in accordance with the explanation given-
above. This tends to remove the curvature and

. -deliver the strip in s shape more nearly approach-

Figure 2 illustrates on an enlarged scale the

reduction of the strip effected on passing through
_ the first stand. As clearly shown in -Figure 2,

the reduction in the original thickness of the”

. strip is-effected principally in the portion of the
strip thickness below. the median plane between
-the upper and Iower surfaces. In other words,
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the two sides of the strip are deformed along the -

curvature of the rolls i3 and 15, the deformation

curves being designated 13a and i5a. The action ..

of the rolls, because of their different diameters,’
seems to be analogous to the action of & hammer-
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ing a flat or level condition. - Usually a relatively ‘

light reduction in a single pass will suffice to re-
miove the “set.” . T -
- It will be apparent from the foregoing explana- -

" tion that my invention is characterized -by. nu-

merous advantages. The most important has al-
ready been mentionied, -viz, the production of
material having more or less uniform character-
istics ‘parallel and transverse to-the rolling di-
rection. The preferred embodiment of the ap-
paratus, including two 3-high roll stands in the

‘same housings, is obviously capable of producing
‘s much greater reductien than a single 4-high

The .
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roll stand. . Two mills, such as that shown in Fig-
ure 1, for example, will effect a reduction equiva- .
lent to that produced by three 4-high roll stands
but will cost much less than the latter. It is pos-
sible, of course, to employ a mill such as that
illustrated in connection with one or more 4-high
stands.

While the 4nvent10n has been described with

particular reference to the cold reduction of metal

* strip, it may also ‘be-utilized for ‘temper rolling 10

material such as tlnplate stock Whlle still in strip
form.

A further’ advantage of the invention is that
the strip is wrapped around one of the larger
outer rolls of each stan}i
-more than 180°, which résults in a frictional grip
on the material whereby it may be subJected to
substantial tensions without slippage. )
~ 'Although ‘I have illustrated and described but’-

a preferred- embodiment and practice of the in-' go

vention, it will-be recognized that changes in the
construction and procedure disclosed may be made -
without departing from the spirit of the invention
or the scope of the appended claims. '

I claim: . ’ 25

1. In a methdod of ﬂattening cold-rolled strip
having a “set” or transverse curvature, the steps

including - cold-reducing the strip by passing it -

through a 3-high rolling mill having a middle roll

. smaller than the outer rolls, and starting the strip 30
through the mill so that the concave surface . -

” thereof is engaged by the middle roll.

through-an angle of 15

2Ina method of flattening cold-rolled strip
having a “set” or transverse curvature, the steps
including cold-rolling the strip and deforming the -
concave surface thereof more deeply than the
convex surface.

3. In a method of.rolling strip, the steqs in-
cluding cold-reducing it progressively in a plu-
rality of 3-high roll stands disposed one above the

" .other, each having a middle roll smaller than the

outer rolls, and passing the strip between the

- middle roll of one stand and the outer roll there- -

of adjacent the other stand,.then between the

- middle roll of thie other stand and the outer roll

thereof nearer the first-mentioned stand. i

- 4. The method defined by claim 3 character-
ized by maintaining the strip in contact withthe
outer rolls engaged thereby throughout about 180° °
of their circumference. -

5. A mill for reducing strip comprising 2 pair
of spaced housings ‘having windows therein, two
stands of three rolls each having their necks dis-
posed in said windows with their axes substan-

. tially in vertical alinement, chucks slidable in said

windows adapted to receive said necks, and
spacers between the chucks in which thé necks
of the top roll of the lower stand and the bottom
roll of the upper stand are journaled, said spacers
being movable relative to said housings with sald
la.st-mentioned chucks.

: /. ‘RAYMOND J. WEAN.



