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() Rolling mill

@ A rolling mill having at least a pair of work roils (12, 13}
each supported by a back-up roll (14, 15} has at least one roll
(16) of hollow construction to give the mill compliance. The
holiow roll (16} may contain an arbor (20) to give local
stiffness to the roll as required by the shape of the material
(17) entering the mill.
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ROLLING MILL

This invention relates to rolling mills particularly
for rolling~elongate metallic strip, such as steel strip.

Rolling mills'%or rolling down steel strip as supplied
by a roughing mill, are usually designed for-maximum
stiffness, and to that end have solid work rolls and massive
back-up rolls intended to prevent bowing of the work rolls
under the folling load. One consequence of that arranéement
is that, when the entering strip has a non-uniform profile

across its width, those parts having a greater thickness are

‘'subject to greater reduction than those parts of lesser

thickness and are elongated in the length diménsion of the
strip to a greater degree. The result is bad shape, usually
in the form of strip with "a full centre" or "full edges"”
and the strip is no longer flat.
~ Strip with good shapé is generally preferred to strip
with a good, or uniform profile, even if the former-is
associated with a slightly non-uniform profile. Idgally,
the strip finally emerging from the rolling process should
have both good shape and good)pfofile.
In the present invention, compliance is introduced into
a mill by having_a goll or rolls, of hollow construction.
The compliant nature of the hollow roll or rolls is then
such thét the strip is subject to substantially uniform

reduction across its width, regardless of its entering shape

and its flatness does not deteriorate.

It is an advantage if the stiffness or compliance of
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~the hollow roll or rolls can be made to vary along the axial
length of the roll or each roll so that bad shape in the
incoming strip may be impreved. For that purpose, there may
be heans within: the hollow roll for increasing its stiffness
over some parts of its length relative to the remainder.’
That may be done by introducing support discs at selected
points along the roll length, or by inserting a closely
fitting plunger for a given length of the roll.

It is thought desirable that a mill should be stiff
only over the width of the material being rolled; outside
the confines of the strip width, the mill should be
relatively compliant. A mill having such a stiffness
profile is believed to avoid the over-rolling of the edges
of the material being rolled and to facilitate work roll
bending designed to control cross-sectional shape of the
rolled material. By using a hollow roll in accordance with
the present invention as, for example, the intermediate roll
of a five-high mill or each of the intermediate rolls of a
six-high mill, the aforementioned stiffness pre_file may be
achieved.

Thus, the invention mey be applied to a four-high mill,
a five-high mill or a six~hicgh mill. In the first case, one
or both of the rolls can be hollow. In a five-high mill, a
hollow intermediate roll is interposed between one of the
work rolls, and its back-up roll, while in a six~high mill
having an intermediate roll between each work roll and its

back-up roll one or both of the intermediate rolls may be

hollow.
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The invention will be more readily understood by way of

exaﬁple from the following description of rolling mills in

accordance therewith, reference being made to the
accompanying drawings, in which

Figure 1 illustrates a five-high mill with a hollow
intermediate roll, .

"Figures 2A and 2B show a variable stiffness hollow roll
in two different arrangements,

Figures 3 andr4 illustrate respectively a si#—high and
a four-high mill with stiffened hollow rolls,

Figures 5 to 2 show mills with a hollow roll or rolls
containing a central a:bér or arbors,

Figures 10 and 11 show in schematic vertical section a
five-high mill having a composite intermediate roll which in
Figure 10 is arranged to roll wide strip and in Figure 11
narrow.strip,

Figures 12A and 12B are together an axial section of a
sleeved roll, illustrating one mode of roll'constrqction,

and

Figure 13 sﬁows in axial section another construction
of sleeved roll.

The mill of Figuré 1 is represented by its rolls only,
the mill housings and the drive being of well known form.
The mill is shown as having two work rolls 12 and 13, two
back-up rolls 14 and 15, and an intermedliate roll 16 beiween
work roll 12 and its bhack-up roll 14. Intermediate roll 16
is hollow as shown in order to introduce transverse

carnpliance into the mill, In other words, the softness of
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the roll allows the roll to comply with variations of
rolling load along its length due for example tq variations
in thickness of the incoming work 17 across its width. As a
" consequence the work is reduced evenly acro;s it;S' width and
the flatness of the work is not detrimentally affected.

If desired, the mill may have a second intermediate
roll be£w¢en the rolls 13 and 15; the second intermediate
roll may be hollow, like roll 16, or solid. |

The hollow roll 16 may have ﬁeans causiﬁg the roll to
have a compliance which varies along its length. A roll
Qith such means is illustrated in Figure 2A and 2B, where
the means are constituted by a number of support discs 20
which are threaded on an arbor 21 and which are a close fit
within the bore 22 of the roll 16; advantageously the discs
20 have an interference fit within the bore 22, but can be
moved axially along the roll by expanding the roll by liquid
under pressure.

~The discs 20 aré axially located according to the shape
or flatness of the incoming york 17. Thus, if the incoming
strip has wavy edges due to a greater reduction of the edge
portions having taken place in a previous f@llingr operation,
relative to the centre part of the strip, the support discs
20 are located centrally as shown in Figure 2A, so that the
mill is stiffer in the eentre than at the edges, the strip
is given a greater reduction in the eentre tixan.ét, the edge
parts, and the flatness is improved. Similarly, if the
incoming strip 17 exhibits centre buckle, i.e. the strip E¢§"-

been subject to a greater reduction at the eentre than at
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tie edges, the discs are arranged as shown in Figure 2B to
.give the roll 16 a greater stiffness at the edges than at
thé cehtre; in Figure 2B, the discs 20 are separated so as
to line up with the edges of the strip, the central part of
.the roll being free of stiffening discs.

When rolling to improve flatness as described above,
the second intermediate roll (not shown) need not have the
same hollow construction as shown in Figures 2A and 2B, but
if the rolls are similarly conétructed the discs are
similarly arrangéd when rolling strip with wavy edges or
with a wavy centre. However to improve quarter buckle, both

- intermediate rolls should be hollow and provided with the
support discs-20. Then, if the incoming strip has suffered
greater elongation atrthe quarter points between the edges
and the centre of the strip than elsewhere, the discs of one
intermedite roll are positioned as in Figure 2A while those
of the other intérmediate roll are positioned as in Figure
25.. If the strip has been elongated less at the quarter
points than elsewhere, the disc arrangement is the same,
except that fewer discs are proQided in the Figure 2A roll,
with the conseguence that the qﬁarter points are given a
smaller reduction than elsewhere. |

The barrel of the intermediate roll or of each
intermediate roll i6 has usually the same diameter over its
length. On the other hand, the barrel may be relieved as
shown at 23 in Figures 2A and 2B, forming steps 24 aligned

with the edges of the work. Stepped intermediate rolls

reduce the over-rolling of the strip edges, particularly



0044715
13)

where work-roll bending is employed.

In Figure 3, there are two intermediate rolls 30 and 31

_each of which is hollow and each of which is stiffened by an

adjustable, close fittipg, arbor 32 having t::.\pered ends 33.
The arbors 32 are positioned so that the énd of one lines up
réspectively wiﬁh one edge of the strip 17, while the
opposite end of the other arbor lines up with the other
strip edge, as shown. Thé mill is then relatively stiff
over the width of the strip 17 and relatively soft outside
the strip width.r Over—tolling of fhe strip-edges is thus
reduced and work—-roll bending is facilitated. Figure 4
shows a four-high mill with work rolls 357and back-up rolls
36 and with each work roll constructed similarly to the
intermediate rolls 30, 31 of Figure 3. Profile of the
rolled strip is again controlled by work roll-bending._'

In a further variant which is illustrated in Figure 5,
each of the work roll 40, 41 of a four-high mill is hollow
and contains an arbor 42. The arbor 42 is an inteffergnce
fit with the bore of its roll and extends over the .central
third of the length of the roll 40, 41. Thé arbors are
integrai with shafts 43 of lesser diameter extending beyond
the ends of the roll. HBydraulic piston and cylinder
assemblies are connected to the ends of the shafts 43 as
represented by the forces F4 - Fq, to bend the arbors 42 and
hence the centre parts of the rolls 40, 41. That bending
equipment can replace or supplement the conventional work
roll bending represented by the forces Fy - F3 and has the

same function; however, the roll bending is concentrated at
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the roll Eentres which are normally subject to 1little
benﬁing when the bending forces are applied to the roll
ends.

By selecting what bending forces are appliea td the
rolls 40, 41 and to the ends of the shafts 43, transverse
rolling of the strip 17 can be véried as required. Thus,

1. applying the bending forces Fy and f4 would result
in a 1ar§e centre crown in the strip and in the strip edges
being rolled i.e. a loose edge.

2. applying the bending forces F, and F, would result
in a smaller centre crown but in relieving the edges i.e. a
tight edge.

3. applying the bending forces F, and Fg results in a
heavy roll crown i.e. the strip has a rolled centre and a
tight edge, and

4. applying the bending forces F, and Fe re;ults in
rolling the strié centre and easing the tight strip edge.

The concept of a hollow roll with a central arbor can
be applied to the intermediate roll 45 of a five-high mill
(Figure 6) or to each of the intermediate rolls of a six-
high mill {(Figure 7) or to on€ or each of the back-up rolls
(Figures 8 and 9). 1In these cases, the axial length of the
arbor 42 is less than the effective length of the roll
barrel and may be less than the width of the strip 17. Roll
bending systems represented by the bending forces F, - Fyq
aré applied to the work rolls and to the intermediate roll

45 or intermediate rolls 46 and extends the influence of

roll bending control across the full width of the strip.
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In the roll configurations of Figure 8 and 9, each
' béck—up roll 14, 15 is shown as.consisting of a sleeve 50
which is centrally stiffened by an arbor 51. Arbor 51 has
integral stub shafts 52 carried in bearings in the windows
of the mill hgusing; the sleeves 50 themselves are
unrestrained at their ends and remain isolated from much of
the bending effect of the rolling load on the arbors 51. As
the width of the strip 17 increases, the sleeves 50 tend to
deflect in the opposite sense to the back-up rolls of normal
four high mills, i.e. the outer ends of the upper sleeve 50
tend to deflect downwardly and the outer ends of léwer
sleeve 50 upwardly. Thereby, the total roll stack deflects
Vor bowing is reduced relative to that of the rolis of a
normai mill having solid back-up rolls.

In Figure 9, the central arbor 51 is supplemented by
adjustable spacer rings 55 carried on the sﬁafts 52 and
providing further local suppott for the sleeves 50. The
positions of rings 55 can be adjusted axially to influence
the transverse deflections of the sleeves 50. It will be
appreciated that this technique employs only the rolling
load reaction force on the béck—up bearing plates and does
not reguire additional external forces, such as those
applied in back-up roll bending, in order to influence the
back-up bending deflections.

Figures 10 and 11 illustrate another form of stiffened
hollow roll which, when used as the intermediate roll of a
five-high mill has the properties of ﬁhe six~high mill of

Figure 3. In Figures 10 and 11, the work rolls of the mill
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are indicated at 112 and 113, the back-up rolls at 114 and
'1155 the intermediate roll at 116 between the upper work
roll 112 and the upper back-up roll 114, and the metal strip
to be rolled at 117. The work rolls 112 and 113 have as
before conventional roll bending equipment to control shape
with, ifrrequifed, a strip shape sensor downstream of the
mill to cﬁntrol the work roll bendiné equipment. Instead
of, or in additioﬁ to, thé work roll benaing equipment other
means. for control strip shape may be provided, such as
thermal cambering of the rolls by the control of the cooling
sprays along the length of the rolls.

The intermediate roll 116 has a barrel length greater
than that of the other rolls of the mill. The roll 116 is
hollow having a bore 118 which has a uniform diameter over
the greater part of its length from one end, but which has
an enlarged diameter at 120 over the remainder of its
length, a step 121 being formed where the diameter changes.
An arbor 122 having a length rather less than £hat of the
work rolls is a close fit in that part of the bore 118 of
smaller diameter, but is axially aéjustable therein; thus
the arbof may be an interference fit in the bore, adjustment
being made possible by expanéing the roll by liquid under
pressure. The arbor has a shank 123 by which it can be
moved axially in the roll.

Intermediate roll 116 is itself axially adjustable
relative to the other rolls, being mounted and driven for
that purpose as described in British patent specification

No. 1351074. Alternatively the arbor 122 may have shanks or
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spindies similar to 123 at both ends with those spindles
carriéd in bearings which are mounted for axial adjustment.
In the latter case, the intermediate roll itself is not
supported in bearings but is adjustable relative to its
arbor. | ‘

The mill may be used for rolling strip of any width up
to the maximum for which the mill is designed, the roll 116
and the arbor 122 being adjustable axially according to the
width of the strip to be rolled. As shown in both Figure 8
and Figure 9, roll 116 is adjusted to bring the step 121
into the same vertical plane as one edge of strip li? and
the érbor 122 is adju;ted:h:roil 116 so that its shank end
is in the same vertical plane as the other‘strip edge, the
arbor 122 then overlying the strip width. The result is
that the mill has the required stiffness over only the strip
width, but has greater compliance outside the strip width.
As the left hand side, the greater compliance is achieved by
termination of the stiffening arbor at the left hand strip
edge and, at the right hand side, by the enlarged bore 120
which prevents the arbor stiffening the roll beyond the
right hand strip edge. | ’

I1f desired, the arbor 122 may be extended with a slight
tapering at the left hand end to gi&e a progressive increase
in compliance. Similarly the step 121 may be tapered.

The mill illustrated in Figures 10 and 11 has the
advantage that only a single adjustable intermediate roll is
reguired in order to adapt the mill to any strip width.

Further, because the intermediate roll is longer than the
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other rolls, and is therefore in contact with work rolls 112

‘o‘ve'r'the entire length of the latter, regardless of the

aiial position of the intermed;’.ate roll, marking of the work
roll is avoided.

The arréngement of Figures 2A and 2B, entailing an
arbor formed by a number of discs éhosen according to the
reguired support length, has the disadvantage that, to
change the support length to comply with a change in width
of the strip to be rolled, the roll is required to be
removed from the mill and discs added or removed. The roll
construction shown 1in Figures 12A and 12B enables the
stiffened length of the roll to be adjusted with the roll in

situ.

In Figures 12A and 12B, only that part above the roll

"axis and to the left of the median line is shown, and it is

to bre understood that the roll is symmetrical about its axis
and that the r’ight hand and left hand halves of the roll are
mirror images of one another.

The roll has an arbor 212 formed at eéch end with a

roll neck by which the roll is journalled in bearings in the

'roll housings (not shown). Over a central part 212A, the

arbor has a constant diameter, but over each effective end
of the arbor the diameter is reduced in small steps from the
part 2712A, as showﬁ at 212B - 212G.

A sleeve 213 is carried on ﬁhe arbor 212 and extends
over the effective length of the latter. The central part
.213A of the sleeve is an interference fit with the central

part of the arbor so that that part is permanently stiffly
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supported by the arbor. On each side of the central part
213A, the bore of the sleeve is rebated as shown at 214, the
diameter of the rebated bore increasing in steps 214B - 214G
from the central part 213A, to correspond approximately with
the stepped parts 212B - 212G of the arbor. A divergent,
stepped, annular space is thus formed between the sleeve and
the arbor at each end of the sleeve.

At each end of the sleeve, a number of annular wedge
elements 215B -~ 215G are inserted between the rebated bore
of the sleeve 213 and the stepped part of the arbor 215. 1In
its initial form, each wedge element 215 has an axial length
corresponding to the length of an arbor step and a radial
width slightly smaller than the spacing between the steps
212B and 214B. When the elements 215 are in that condition
they provide no support for the sleeve, with the result that
the roll is relatively stiff over the length of the central
part 212A of the arbor, and relatively compliant over the
ends. .

The stiffened length of the roll is increased by means
of an actuator 216 at each end of the arbor. When
hydraulically operated, the actuator 216 applies axial
forces to the end element 2156,‘and through it to the other
elements 215F - 215B. The effect of the application of the
forces is to expand the wedge elements successively,
starting with the element 215B which is restrained from
axial movement; +the number of eleéents so expanded depends
on the magnitude of the forces applied by the actuator 216.

When an element 215 is expandad against the contiguous faces
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N of the arbor and sleeve, it provides stiffening support for

"‘the - sleeve, with the conéequence that the stiffened length

of roll can be increased by a given axial length dependent
on.the force of the actuator 216.

The elements 215 may have any desired form capable of
producing the necéssary radial expansion when subject to
axial forces. For example, the element may consist'of two
rings, one within the other and with taperéd faces in
contact with one another. It is however preferred to employ
elements made and sold under'the.trade.name "RING?EbER",

comprising three concentric rings of which the central ring

is actuated directly or indirectly by the actuator 216 and

has wedge faces engaging complementafy faces on the other
rings. |

The central stiffened part of the sleeve 213A may have
a length slightly less than the minimum width of strip to be
rolled, while the overall axial length of the sleeve 213 is
slightly greater £han the maximum width of strip that can be
rolled on the mill. The forces apélied by the two actuators
216, and.hence the stiffened length of the roll, are chosen
according to the strip width to be rolled.

A roll as deséfibed méy be employed for one or each of
the rolls of a four-high mill; as the intermediate roll of
a five-high mill; or as one or each of the intefmediate
rolls of a six-~high mill.

Each of the hollow rolls so far described, the roll has

a central bore in which is located an axially adjustable

arbor.
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Problems can arise if a convention;l solid roll is
bored out to form a hollow roll. The greatest problem
arises from the dichotomyrbetween the need to have the bore
sufficiently large for adequate roll compliance, and the
need for the roll necks, through at least ohe of which the
bore must extend to allow entry and adjustment of the arbor,
to be sufficiently strong to transmit the rolling load and
to withstand the. drive torque,.when the.roll is driven; for
the former, the bore needs a large diameter, while for the
latter the bore needs to be of small diameter.

éecondly, for practical use in a rolling mill, the roll
should have a life comparable with the 1life of a
conventional solid roll. However, the éossible turn—down of
a hollow roll is clearly limited relative to that of a solid
roll and furthermore a given turn-down of a hollow roll
gives a larger change in roll compliance than in the case of
a solid roll.

Thirdly, there is the problem of boring out the roll
which, because of its intended duty, is ma@e of hard, wear-
resisting steel; attempts to bore out such a roll may
result ln catastrophic fracture of the roll.

The roll iliustrated in %‘igurg 13 avoids many of those
difficulties. As shown in that Figure, the:;oll é@mprises a
sleeve 262 whieh censtitutes the roll barrel and an arber
263 reeeived within the sleeve with a clearanee fit and
having a length substantially less than that of the sleeve.
The arbor 263 is secured to a relatively narrow actuating

rod 264 extending beyond the sleeve end.
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" 'After the arbor has been positioned within the sleeve,
end members 265 and 266 are secured in the sleeve ends, as
by Bratt mounting, those members haying spigot parts 265A
and 266A for that purpose. Each end member is integral with
a roll neék 267 dr 268 by which the roll is journalled in
the mill. The end member 266 with its integral roll neck
268 has a bore 270 to receive the rod 264. The bore within
the roll neck 268 is enlarged at 271 and receives a piston
272, which is secured on a reduced part of 264A of the rod
264, aﬁd an end piug 273. The rod 264 has passages 274 by
which liquid under pressure can be supplied to opposite ends
of the enlarged bore 268 to cause the piston 272, and with
it the arbor 263, to be moved in either direction. Further
passages lead through the arbor to transverse ducts
supplying lubricant bétween the arbor and the sleeve Dbore,
while the end member 265 and roll neck 267 have a passge 275
for o0il discharge.

The roll may be used in a four-high, a five~high, or a
six-high mill configuration, for example in place of the
hollow roll 16, 30, 35, 40, 45 o? 46 of Figures ¥ to 9. As
the évailable axial adjustment éf tﬁe arbor 13 within the
sleeve 12 is limited, it is’édvantageous to use two rolls
having arbors of different axial lehgth. Between them, the
two rolls arérthen able to be accommodatgd to all widths of
strip or other workpiece likely to be encounterd in the
operation of the mill.

With the use of a hollow, compliant, roll as’ described,

roll bending equipment on the work rolls of the mill may be



0044715

16

unnecessary because the compliance of the hollow roll

'provides shape control. To that end, a shape detector,

preferably that known under the name VIDIMON, downstream of
the mill may be used in conjunction with a closed 1oop
control scheme to vary automatically the position of the
arbor witﬁin the sleeve for shape control.

- It is not essential that the arbor should be an
interference fit within the sleeve and, indeed, such a fit
should be avoided for ease of adjustment. Instead, there
should be clearance between the arbor and the bore of the

sleeve when the roll is not in use; under the rolling load,

~the barrel then deflects on to the arbor and the rolling

load is taken in part by the sleeve and in pért by the
arbor.

The construction illustrated in Figure 13 reduces the
difficulties referred to above. It not only removes the
conflict between the desired compliance qf the barrel and

the need for strength in the roll necks, but obviates the

.necessity of boring out a hardened so0lid roll; the sleeve

can be cast in hard, wear-resisting metal, or it can be
formed by boring out a cylinder and subsequently hardened by
heat-treatment.

Further, the life of the roll is no longer detefmined
by the amount of turn-down that is a&ailable, since it is
relatively cheap and easy to fit a new slecve to the end
members and roll necks when wear occurs. Excessive changes

in compliance of the sleeve 1is thereby avoigded.
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CLAIMS

1. A rolling mill having at least two work rolls (12, 13,
112, 113) and two back-up rolls (14, -15, 114, 115), in which

one at least of the rolls (16, 30, 31, 35, 40, 45, 46, 116),

is of hollow construction.

2. A rolling mill according to claim 1, in which there are
means (20, 32, 42, l2é, 212, 263) within the hollow roll
(16, 30, 31, 35, 45, 46, 116, 213, 262) for locally
increasing the stiffness of the roll, whereby to give the

mill a compliance which varies in the axial direction of the

rolls.

3. A rolling mill according to claim 2, in which the means
comprise support discs (20) which are a close fit within the
bore of the hollow roll (16) and which are axially

positioned where stiffness is frequired.

4. A rolling mill according to claim 2, in which the means
comprise an arbor (32, 42, 122, 212, 263) which is a close

fit within the bore of the hollow roll.

5. A rolling mill according to claim 4, in which the

eff{ective axial length of the arbor within the roll is



0044715

- 18
adjustable to suit the width of material (17, 117) being

rolled.

6. A rolling mill according to claim 5, in which the arbor

is axially adjustable within the roll.

7. A rolling mill according to claim 5, in which the arbor
is constituted by a first part (2123) which is a close fit
and is centrally located within the roll, and at least one
other part (212B - 212G, 215B - 215G) located_adjacent to,
and on one side of, the first part, which is capable of
being brought into engagement with the roll bore over an
adjustable axial length, whereby the effective length of the

arbor may be varied.

8. A rolling mill according to claim 7, in which the other
part, or each other part, combrises a plurality of
sequentially arranged annular wedge elements (215B - 215G),
and there'are means (216) for applying axial force to the
other part, or to at least one of the other parts, to adjust

the effective length of the arbor.

o. A rolling mill according to élaim 6, in which the
hollow roll comprises a sleeve (262) and removable end
members (265, 266) carrying a roll neck (267, 268), and in
which one of the roll necks has a bore (270) to receive an

adjustment rod (264) secured to the arbor (263).
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7' 10. A four-high rolling mill (Figure 4), in which each of
the work rolls (35) is according to any one of claims 4 to
9, and which is arranged so that the effective length of the
arbor-in each roll extends over the width of tﬁe material

being rolled, with the effective ends of the arbors of the

work rolls lying substantially at the opposite edges of the

material.

11. A five-high rolling mill (Figures 8 and 9), which has
an intermediate roll (16)‘betweén one work roll (112) and
i£s back-up roll (114) and in which the intermediate roll is
according to any one of claims 4 to 9 and is itself axially
adjustable relative t6 the other rolls, the arrangement
being such that the effective end (121) of the intermediate
roll can be brought into substantial alignment with one edge
of the material (117) being rolled with the end of the
effective length of the arbor in substantial alignment with
ihe other end, whereby the mill is relati&ely stiff over the
width of the material and relatively compliant beyond the

edges of the material.

12. A six-high rolling mill (Figure 3), which has an
intermediate roll (30, 31) between each work roll (12, 13)
and its back-up roll (14, 15) and in which each intermediate
roll is according to any one of claims 4 to 9, the
arrangement being such that the ends of the effective
lengths of the arbors within the intermediate rolls can be

brought into substantial alignment with the opposite edges
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of the material (17) being rolled, whereby the mill is
relatively stiff over the width of the material and

relatively compliant beyond the edges of the material.

13. A rolling mill according to any one of claims 10 to
12, in which there are means for bending at least one of the
work rolls for the control of the shape of the material

being rolled.

14. A rolling mill according to any one of claims 10 to
13, in which there are means for applying bending forces to

the arbor, or at least one arbor.
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