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(57) Abstract

A rolling stand (5) comprises at least three driven rolls (27, 28, 29), having their axes (A1, A2, A3) of rotation which are
concurrent one another and lie in a plane perpendicular to a rolling axis along which the rolling stand is located ; these rolls (27,
28, 29) are mounted on respective lever arms (19, 20, 21) pivoted on a roll-carrier (10), substantially in the form of a frame, which
can be pulled out of a C-shaped support structure (2a, 3) of the stand. The stand of this invention provides the possibility of driv-
ing the rolls (27, 28, 29) simultaneously with their single adjustment, together with a great simplification of the operations for
their removing and replacement. As a consequence of its features, the stand of this invention can be usefully applied in tube roil-
ing mills, either with or without mandrel, as well as in rolling mills for wires, rods and similar.
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A ROLLING STAND FOR GENERIC ROLLING MILLS HAVING THREE OR MORE
ADJUSTABLE DRIVEN ROLLS

This invention relates to a rolling stand of a
type which comprises at 1least three driven rolls having
respective axes of rotation which are concurrent one
another and lie in a plane perpendicular to a rolling
axis along which said rolling stand locates, an outer
main support structure, driving means and associated
mechanical transmission means for operating the rolls.

Such a rolling stand has an application, in the
current state of the art and with some obvious
modifications as may be required to adapt it for
different operating conditions, in rolling machines
eﬁployed to process tubular or rod-shaped bodies in the
steel industry and the like.

The terms rod-shaped or tubular bodies refer
here to those finished or semifinished products having a
major longitudinal dimension, such as tubes, hollow
blanks, rods, etc.

In rolling mills for wire or rod making, for
example, a stand as above is already known; a similar
stand is also known, in a substantially similar form, for
tube rolling mills. In either cases, such stands are used
substantially for the same purposes, as it will be
explained in detail in this specification.

Further, in this specification, reference will
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be made, for brevity éhd convenience - of iliustration,
only fo rclling' sténds intended»for rseamless or nérmal
tubes rolling milis, apd"ﬁore»sﬁepificélly a finisher
rolling mill provided with a mandrel. Of courée, as a
consequence of - the foregqiné .remarks abqut the the
7 differentréppliéafions of this type of rolling stand, the
considerations made heréinafter should be .taken in a
substantially general sehse; and can be extended to
raﬁaiogous rolling machiﬁes which BeloPg mEp the geheral
state of therart and in-whi%h such stan&s are used.

Addiéionall&, notice thaﬁ the term rolling
'étand is used, throughoﬁt this specification and the
appended claims,.to designate fhat intermediate unit of a
roiiing mill which accommodates the rolis ,designed to
apply their action to'é,product being rolied, be it tube,
wire, bar or elsé. 7 |

In conventional'tube'golling mills,rthe rolling
stands are genérallyrindepéﬁ&ent,rfrom7a-sﬁructural point

of view, one from another and can be individually moved

off the mill to allbw theif-:eplécement in order to carry

out the,changing'of the rolls or, whefé such a changing
is méde in -a different manner,. fbr - providing the
maintenénce. In a preferred embodiment, the rolls of such
stands have coplanar axes of rotation which lie in a

plane orthogonal to the rolling axis; such a rolling mill
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" is commonly referred to as a continuous rolling mill.

In the tube rolling industry, it is recognized
that the proper performance of the rolling process is
strictly dependent on the action applied by the grooves
of the rolls of each rolling stand.

More particularly, it is known from theory éhat
either the geometric tolerance and surface. finish of a
tube depend on the difference between the tube rate of
;dvance along the rolling axis and the peripheral speeds
of the rolls as measured at several locations of their
grooves where the tube is in contact. |

The industrial production of seamless tubes is
currently carried out on continuous rolling mills
provided with a mandrel and having a set of successive
stands, each provided with a pair of driven rolls; such
rolls are supported by an external structure, opposite
one to the other, and have parallel axes of rotation. 1In
this specific case, the contact of the tube being
processed with the groove of one of these rolls, occurs
approximately over one half of the tube outer
circumference.

Recently, on a purely experimental basis and
alternatively to the above-mentioned approach, the
feasibility of continuous rolling mills equipped with

rolling stands having more than two rolls was
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investigated.

This happéned Egcause, in such an embodiment of
rolling mill, the contact between the profile of the roll
grooves and the tube being ‘processed occurs over an afc
of said outer circumference of the tube, whose length is
inversely proportionalrto the number of fhe rolls in each
stand.rfhus, in the .particular ingtance of a three-roll
stand, the profile of therrdll grooves(of tﬁe,latter will
be active over anrarc being :approximafely oné third of
the tube outer'circumferencé; in practice, the léfger is-

the number of the rolls- in each roiling'stand, the more
uniform becomes the épééd of the points of the. roll
groove which come into contact with +the tube being
processed, Siﬁce the éontacﬁ arc of the groové with the
tube begbmes shorter. Thus, the aforementionedrdemand for
a limited difference betwegn the tube rate of advance an&
the roll peripheral spéeds cén be better fulfilled.
?herefore; the develépment ,°f rolling milis -
" equipped with stands having more tﬁan two rolls is of
great interest because it has rbeen verified, both
theoretically and experimentally, that the_shorter is the
lepgfh of the arc of the tﬁbe outer>circﬁmferen¢e being
worked uﬁon byr a single' roll, fhe better are the
resulting tube surface finish, the thickness tolérances

and the properties of material deformation.
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This explains the efforts being currently made
in the art in order to provide rolling mills which embody
this novel technological concept.

It should be considered, however, that while on
the one side a number of rolls greater than two will
enhance the mill performances, on the other side, as the
number of rolls in each rolling stand is increased, the
technical difficulties encountered in engineering the
rolling mills, also increase significantly. VAs an
example, the const?uégion of three-roll stands already
involves technical difficulties which still have to be
fully overcome; among these latter there are the problems
posed by the simultaneous driving of the three rolls and
independent adjustment of their distances from the
rolling‘axis.

In fact, three-roll stand mills experienced or
known heretofore, have failed to provide that adjustment
feature combined with the aforesaid roll driving in such
a suitable ;ay as to render the rolling mills applicable
in the industry; in other words, the mills provided are
too inflexible and unsuitable to cope with the different
operating conditions met in the tubes industrial
manufacturing.

It is the object éf this invention to provide a

rolling stand having at least three driven rolls, an
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outer main sUpport. struéture, driving - means and
associated meéhénicél transmission means for operating
the rollé, with sudh constructional and fungtional
features as to overcome the dra&backs -mentioned - above
wiih reference torthe prior art.

This prdblem. is solved, accbrdingf to the
ihvention, by a rdlling ,stahd as indicated Vébove and
characterized in the appended claims.

Further feafures and the advantagés, of this
invention can be more cleariy. understood from the
folloﬁing descriptioﬁ “of an"embodimeht'thereof, to be
taken by way of non-limitative éxample'%ith rgference to
the accompanying drawings, in which:

| Figurerl is a 'échematic perépective view of a
rolling mill incorporating rolling stands according to
the inventién;

Figufe 2 is a partially cut-away froﬁﬁ view of
a rolling stand accordiﬁgrto the inventioh;

Figure 3 is a partially cut-away perspective
view of a detail of the folling,stahd,in Figure 23

Figure 4 iS'a'detail viewrof fhe rolliné stand
vin Figure 2, shown iﬁ _different conditions of its
operation; |

| Figgfe 5 is a rbarfiaily cut-away siderview of

the rolling mill ianiguré 1.

PCT/EP93/00898.
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With reference to the drawing views, and
particularly to Figure 1, generally shown at 1 1is a
rolling mill according to the invention, intended for
seamless tube making.

The rolling mill 1 comprises an outer main
structure, extending longitudinally along a rolling axis
L and laying on a basement B. In this embodiment, the
rolling mill structure 2 comprises a plurality of flat
elements 2a, which will be better described in the
continﬁation, rigidly are interconnected by spacers 3.

The rolling mill 1 'is of a type which comprises
a plurality of rolling stands 5 aligned along the
longitudinal axis 1 between an input ena 6 and an output
end 7 for tubes to be processed; said ends 6 and 7 are
respectively located at the opposite ends of the
structure 2.

Each rolling stand 5 according to the invention
comprises a pair of said flat elements 2a laid
side-by-sidé and being connected together by spacers 3 in
the main structure 2, a plate 9, and a roll-carrier 10.
Specifically, said flat elements 2a have a shape referred
to as C-shape hereinafter for simplicity, and each of
them carry a pair of linear guide bearings 4, extending
from opposite faces of the element 2a, parallel to each

other along a perpendicular direction to the rolling axis
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L, towards the open side of the C-shape of said flat
elements 2a. In practice, two consecutive elements 2a in
the rolling mill and their associated spacers 3 define

the supporting structure for each stand; in this example

of the rolling mill, all the stands and their supporting

étructures are joined together in a continuous manner, Sso
that tﬁo faces of a single élement 2a are parts of two
adjacent stands along thé roliing axis L.

Fﬁrthermore, the roll-carriers iO are arranged
in-&-pgckage wherein the réll-carrier 10 associated to . a
rolling stand is b;sicaliy‘inrtﬁe forﬁ éf a square frame,
which is houséd between two consecutive of sgid flat
elements 2a in fhe rolling mill 1, that are pa;ts of the
;tructure of each stand 5. |

The plate:' 9 is 'interpésed  between two
roll-carriers 10 lying -side-by?side in rthe mill; the
plate 9 is basicall#,iﬁ the formr.gf,a- sﬁeet having a
predetermined thickness and being centrally provided with
a hole 9#. to iet a tube passing through the stand.
Further, the plate 9 is housed within the>stand at the
locétion of eaéh eleﬁent 2a énd can be pulled radially

out of the rolling mill, as it will be explained

afterwards in connection with the operation of the stand

5.

In this embodiment of the invention, the linear

PCTI/EP93/00898
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guide bearings 4 are straight guides engaged by a
corresponding pairr of projections 8 formed on the
exterior of each roll-carrier 10, on the part of the
latter next to the flat elements 2a; the roll-carriers 10
are slidable along said linear guide bearings 4 as well
as supported thereby.

Secured on the roll-carrier 10, at the apices
of an equilateral triangle inside its square
cross-section, are three pivots 11, 12 and 13 on which
respective lever arms 19, 20 and 21- are mounted
pivotally.

Said pivots 11, 12 and 13 are the fulcra for
the corresponding lever arms and are secured on the
roll-carrier 10 in an adjustable manner to be described.

| In a preferred embodiment, the arms.19, 20 and
21 comprise two flat half-arms 19a, 20a and 2la extending
parallel and opposite to each other, and carrying a
respective chock 19b, 20b and 21b being mounted
adjustably therebetween on the remote side from said
pivots 11, 12 and 13.

In particular, each chock is fastened to its
arm by bolts 22 which connect the chock to a backing
plate 23 attached frontally to said flat half-arms;
advantageously, this backing plate 23 1is formed with

slotted holes for engagement with the bolts 22.
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Housed in each of the chocks 19b, 20b and 21b
Vare gorresponding jourpal bearinés 24, 25 and 26 in which
respective rolls 27, 28Vandrzgrare.journalled; said rolls
are rotatable in their Jjournal beérings, each about a
respective axis ofr rotation,rAl, A2 and A3, which axes
are coplanar with one ahothef and lie in a Vperpendicularf
pléne to the rolling axis L.
Provided for each of said rolls 27, 28 and 29,
in each of the rolllng stands 5 is an adJuster dev1ce 30,
31 and 32 for ponﬁgolling the &1stance of their
respective axes Al, AZJ A3 of rotation fromrthe rolling
akisrL' this device acts on the support means of the
rolls 27, 28, 29 which comprlse; as mentloned the arms
19, 20, 21 and the chocks" ,lQb, 20b, 21b with . their
journal bearings 24, 25, 26.
In this ehbodiment of the invéhtion, the
adjuster devices 30, 31 and 32 'are_rgreferably of a
hydraulic type éhd ~ each comprises an oil-operated
'cyllnder/plston assembly whlch has a stationary part 30a,
3la and 32a, espectlvely, attached to a pair of said
flat elementé 2a laid side-by-side, and a moving part
'sob, 31b and 32b which is repiprpdéble relative to the
stationary part 'albng a 'fadigl diréction ~extending
through the —fdlling raﬁisr"ﬁr at 120° frqm the other

direcﬁiqns,'as it is defined during a pipe rolling phase.
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In fact, as to the adjuster device 31, its
stationary part 31a is mounted pivotally about a pin 3ic
fixed between two flat elements 2a of a rolling stand 5,
at the location of the 1linear guide bearings 4 of the
latter; further, said adjuster device 31 includes a
pusher 31d acting on said stationary part 3la and
effective to turn the latter about the pin 31c between an
operative position where the moving part 31b is slidable
along said radial direction at 120° from the other two,
and passing through the rolling axis, and a non-operative
position where said adjuster device 31 is drawn within
the outline of the C-shape of the flat elements 2a (see
Fig. 2) thereby clearing off the roll-carrier run.

Further, said moving part 30b, 31b and 32b
penetrates openings 33 formed peripherally through the
roll-carrier 10, and acts on the corresponding chocks
19b, 20b and 21b; the latter are, moreover, held against
the corresponding moving part 30b, 31b and 32b by
conventional. retaining means 34 consisting, in this
embodiment, of ofdinary helicoidal springs.

Advantageously, the roll-carriers 10 are housed
within the structure 2 so that the slide directions of
the moving parts 30b, 31b and 32b of the adjuster devices
associated with a roll-carrier 10, will lie at 120" from

each other and be rotated of ‘60° from the analogous



WO 93/20960

-12 -

directions of the moving parts of the devices 30, 31 and
32 associated with the roll-carrier 10 which is
side-by-side in the rolling mill. This rotation is

allowed because the axes Al, A2 and A3 of a tern of

rolls, except for their displacement during the rolling

process, afe at 60° from each other similar to the sides
of an equilateral triaﬁgle,>aﬁd' by the fact that each
foll—carrier 10 iérturﬁable upside-déwn with respect to
the adjacent one in ﬁhe rolling 'mill ébout a

perpendicular direction to one of said Slide directions

of the moving parts 30b, 31b and 32b; thus, with a single

form of the foll—carrier 10, it becbmés rpossible to
'rotaterthe rgll axes b& 60° bétween tﬁe stands. It is, in
fact, sufficient that a'sliding direction just defined be
perpendicular to one of_the sides of the,frgme forming
the roll-carrier 10, and then turning upside-down a
roll-carrier 10_aboutra,line, parallel to sai& side, that
crosses the ‘axis L;' with respect tb the adjacent
roll-carrier (see Figure 2). Eurther, alﬁays' ‘with
reference to 'Figqfe 2,'1it'§an be observed that the
aforesaid pafallel direction |is, for the illustarated
stand, horizontal but in connection with the vertical
symmetry of the roll-carrierlb, it could be possible to
turn the roll-carriers: 10 abdut ra ?ertical direction

crossing the axis L.

- PCT/EP93/00898
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Conventional locking means 35 are provided in

the rolling mill 1, which are effective to lock the
roll-carriers 10 within the structure 2. Said lodking
means 35 consist, in this embodiment, of a bottom 35a
located at the end 6 of the structure 2, a first
plurality of clamps 35b acting axially with respect to
the rolling mill and being located at the tube output end
.7, a second plurality of - pivotable clamps 35c¢c acting
perpendicularly tao the axis L aﬁd being positioned at the
~open side of the C-shape ofAsaid flat elements 2a.

With reference to the foregoing, the pi?ots 11,
12 and 13 are adjustable, and specifically they are
mounted on holders 36 carried, in turn, on a pair of
bfackets 37 attached to the roll-carrier 10 and extending
toward the rolling axis L from opposite sides with
respect to the holders 36; a first bolt pair 38 fasten
the holders 36 frontally to the brackets 37, and a second
bolt pair 39 are arranged to clamp the holders 36 tight
as explained herein below (see Figure 4).

The pivots 11, 12 and 13 are adjusted in
position along a parallel line to the slide direction of
the moving part 30b, 31b, 32b of the corresponding
adjuster device to the pivot, and the adjustment is
carried out by adding or removing wedges 36a on the

holders 36 after loosening the two bolt pairs 38 and 39.
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The rolling mill 1. is “also provided with a
mandrgl 40 drivén along the folling axis L . by
conventional me;ns consisting, in - this embodiment, of a
rack¥and—pinion arrangement only shown schematically in
the accomﬁanying drawings. |

Furthermore, the rolling millr 1 is here a
retained mandrel type andrprovided,rat the location of a
tang 40a of the mandrel 40{ with'conventional retainer
means; these latter consist Aere of a spindle' head
engaged with the mandrel tang 40a.’r

The mandrel 40 also  has an internal éavity 43
connected hydraulically to _&onduits 44 for supplying a

coolant fiuid into the cavity interior; this fluid is fed

in by pumping means not shown. The rolling mill of this
invention further comprises a mandrel,device 45 forr the
rolls, én& therefore also roli-carriers, replacement
comprising a platform 51 which ris movgble on rails 53
laid laterally of the structure 2 in the plane of the
rolling mill basement B. |

Also provided in the rolling mill of this

' inventioﬁ aré a plurality of conventional driving means
55 being each intended to arive thé rolls of the rolling
stands 5. In particular, the driving means 55 are, in
this embodiment,rrconnected to a respective oﬁe of the

rolls 27, 28 and 29 in each rolling stand 5 by a
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corresponding shaft 56, 57 and 58 provided with swivel
connection means 60, 61 and 62, such as a cardan joint or
the like, effective to drive the rolls even while their
position changes during the rolling process.

Furthermore, conventional coupling means 65 are
provided on the ends of the shafts 656, 57 and 58 for
releasably coupling each roll 27, 28 and 29 to its
corresponding shaft.

For connecting the shafts 56, 57 and 58 +to
their corresponding ;;ils 27, 28 and 29 of each rolling
stand 5, each roll-carrier 10 is provided with holes 68,
§9 and 70 through which said sgafts are passed.

The operation and advantages of the invention
will now be described with reference to the above rolling
mill, which is assumed to be in a condition with a hollow
blank, i.e. a semifinished tube, not shown, being rolled
in association with its mandrel 40 retained by the means
42; the hollow blank is located, therefore, among the
rolls 27, 28 and 29 of the various rolling stands 5
driven by the mechanical transmission and driving means
55-58 and 60-62. It should be noted first, that the outer
structure 2 applies a strength which counteracts and
absorbs the forces tending to radially separate the rolls
being transferred thereto during the rolling process,

whereby these forces are prevented from imposing loads on
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the basement B and the rolling mill surrounding
environment.

This because the adjuster devices 30, 31 and 32
of the rolls of each rolling stand 75 have theirr
respectiﬁe stationary parts 30#,‘ 31a and 32a secured to
the flat elements 2a which @ake:up the strg¢£ure 2; in
fact, the rolling,fofces exerted by the h&llow blank on
the rolls 27, 28 and 729 are transferrédrby the bearings
24, 25 and 26 to thecorresponding chocks 19b, 20b and
Zlb;'Thence the folling' force is- transferred to the

-moving part 30b, 31b and 325 of the associated adjuster
device 30, 3i and'32,'Thé moving éart then transfers its
load to its correspdnding stationary part 30a, 31la and
322 and, hence, to ther flat)elements-ZaA'on which that
stationary part isrmounted.

it should be further noted that the plates 9
placed betweén.a cafrier 10 and the adjaceht ones in the
rolling mill, act as partitions-between the stands 5;
specifically, the arms iQ;_ZO  and 21 and their chocks

- 19b, 20brand 21b are guided,rpivotaily aboutrtheir-pivots
il, 12 and 13, by said plétes. Additionally, the axial
loads deveioped during the rolling ﬁroéess,'which would

tend to load the érms 19, 20 and 21 in that axial
direction, are'compensated'by'these plates 9; the latter,

in practice guide the movements of the foll chocks, and
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since the package of the roll-carriers 10 with the plates
9 is held axially by the bottom 35a at the mill end 6 and
by the.first plurality of clamps 35b at the second mill
end 7, said axial loads will be transferred from said
package to fhe structure 2 and thence to the machine
basement B on which it bears. |

Notice, moreover, that by having the rolling
loads transferred to an outer main structure, the
roll-carriers 10 can be made lighter because they have
not‘to withstand the loads from the rolling process but
merely to provide support. for the rolls; this makes
easier movement on the linear guide bearings 4, and more
generally,reasier the replacement of the roll-carriers
10.

Additionally, | the above-mentioned weight
reduction is increased by the provision of plates 9
between the carriers; in fact, each of these plates
acting as a guide member for the rolls of the two
carriers 10 on either sides, could be also made integral
with the roll-carriers or one element 2a of the stand.
The solution provided by this invention contemplates
instead that the plates 9 be removable at each stand and,
therefore, enables the carriers 10 to be made as simple
frames, that is to say with no side walls, to guide the

roll with its associated chock movements during the



WO 93/20960 18 ' A ) : PCT/EP93/00898

rolling process.’

As regards the roll replaqement, it should be
notedrthat, in the-roilingrmill ‘of this invenﬁion, the
roli change operation is carried out along a rradial
direction torthe rolling axis L. With reference to one
stand, in fact, the rolls can be changed by'rembviﬁg the
roll-carrier 10 which,-onceruncoupléd from its shafts 56,
57 and 58, becomes releasedrfrom the working position it
occupies within'its fespective stand 5; thisrrelease is

"Taccomplished by fiFSt releasihg the first and 'second
pluralities of clamps 355, 35¢ which hqldrthercarrier and
its associated plate é;,énd then lowgrihg the adjusterr
device 31, that is moVing it into ;itsr nonfoperative
pqsition. |

Subéequently,' the mandrel - device 45 is
connected to the roll-cafrier 10, and by moving it along
the guide bearings 4, the carrier 10 ié ioaded onto the
platform 51 iwhiéh will  take it 'away frbm the' mill;

“thereby all;wing of ité¥transport and replécement with a
new carrier. |

A new roll-carrier 10 is installed on the
rélling mill 1in Vthe reverse o#der of its removal
operations.:

Another result achieved by this invention is

that improved flexibility is afforded in controlling the
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distance settings of the axes Al, A2 and A3 of rotation
of the rolls 27, 28 and 29 in each stand from the
longitudinal axis L of the rolling mill 1.

In fact, it can be seen in Figure 4 that, with
the aid of the devices 30, 31 and 32 and by swinging
their associated lever arms 19, 20 and 21 about the
corresponding fulcra provided by the pivots 11, 12 and
13, accurate adjustment becomes possible which is
usefully effective in the presence of émall dimensiogal
variations in hollow blanks being processed. Furthermore,
the positional adjustment of the pivots 11, 12 and 13
along a parallel 1line to the slide direction of the
moving parts 30b, 31b and 32b of the corresponding
adjuster device 30, 31, 32 (see Figure 4), allows said
rolls to be set at optimum positions even where the range
of the adjustment is large, as when rolls are to be reset
after they have been turned off line. Of course, whereas
the adjustment made using the devices 30, 31 and 32 is
applied witﬁ the rolling mill and the roll-carriers 10
ready for a rolling phase, or even during the latter, the
pivots 11, 12 and 13 are adjusted with the roll-carriers
10 pulled out of the rolling mill.

For this reason, the last-mentioned adjustment
is specially effective to accommodate large variations in

the roll size due to wear or after turning, whereas the
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swinging movements of the lever arms 19, 20 and 21 enabler
éine ad&ustmenﬁ for'precision rolls setting.

Additionally, therprovision of three rolls per
stand in the rolling mill of this invention and the
alternate layout of the ‘roll terns in a stand, which
layout provides a GOfdegree rotafion of the folls in a
stand relative to ﬁhoée in*én adjacent stand, and allows
using a mandrel havipgloWer'mechanical pfoperties; This
fact enables a hollow constructibh forrthe mandrel with a
periphéral outer wall whichrcan be sighificantly thinner
than all of the other prior'art hollow,mandréls.r Aé a
result, thé mandrel can be cooled to an optimum  degree,
so that it will | not reqﬁire replacement at each
sgcceséive rolling cycig; this nnderstandably résults in
a lower méndfel Supply and, therefore, in. 1ower
investment costs. |

More generally, it should be emphasized that
the rﬁlling stand according to the rinvention can be
advantageouély used to provide high-performance rolling
mills byrvirtue of that a single main structure 2 cén be
formed 'ﬁy the single.r st#nd suppﬁrtihgr structures
connected in a continuqs manner, Which mills are highly
flexible in oﬁerationrqn éccount- of the ease with which
the roll terns can Ee ﬁandled; éll these advantages are

brought out in the rolling mill according to the previous

[£3
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embodiment, as well as in the mill version wherein the
roll terns can be rotated of 60° by Jjust turning
upside~down the roll-carriers 10 of side-by-side stands.

Naturally, constructional changes may be made
to the above-described embodiment of a rolling stand
without altering, however, its principal features; as an
example, the rolls could be mounted other than on arms
pivoted on the roll-carrier, e.g. with the intermediary
of parallel linear supports for the roll chocks, to be
attached to the roll-carrier and.laid to extend toward
the rolling axis L. Of course, the adjuster devices for
controlling the distance from the rolling axis of the
roll axes, would remain unaltered; that is, there would
still be stationary and moving parts 30a, 3la, 32a and
30b, 31b, 32b, with the former being attached to the
structure 2 and the latter acting on the roll chock which
would be slidable on the parallel supports, towards and
away from the axis L.

Fﬁrthgr, it could be thought a different
construction for the adjuster devices 30, 31 and 32; for
instance, electromechanical adjuster devices of
conventional type could be used, which would however
comprise a stationary part to be connected rigidly to the
outer rolling stand structure according to the foregoing

teachings, and a moving part which would be reciprocable
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along a padial direction to fhe rolling axi;.

Another  variation from  the illustrated
embodiment above may sugggst fhat the rolls.inrthe stand
be driven by one main .motors and a set of -appropriate
transmissions, rather than b§ single indebendeﬁt motors.

' On a more general basis, as regards the roll
operatioﬁ, it could be foreseen of providing an
indefinite number of combinations. whe:eby conventional
means subh ~as diffeiential gearé; be§el. " gear,

: trahsmiésions, layshafts,' and whatgg;r else, would be
used to prbvideran almosﬁ endless range of constructional
solutions, useful in the different logistic conditiops
for which the rolling mill and the stands of this
invention are designed.

Furthermore; aléo as regards the housing of the
roll-carriers 10 within each :rolling stand 5, allr those
variations must be conéidergd rwhiéh foresee, insteé& of
the linear guidésr4 and the projections 8 previously
described, ;friction-attenuating means such as shoes,
bearings and the like, arrangéd ‘to run on runways to be
formed either on the flat elements 2a of the stands or of
the roll-carriers. it should bernotedrthat, as relates to
the _ arrangements ‘fof, handling and  pu1liﬁg the
roll-carriers 10 out of'the rolling stands 5, for which

the mandrel devicer45 in the form of an articulated arm

.
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hydraulically operated and the loading/unloading device
50 have been used in the foregoing embodiment, a broad
range of equivalent, alternative solutions may be
provided.

Lastly, there is an important remark to be made
in the respect of the flat elements 2a contained in each
rolling stand; in the example reviewed hereinabove, such
flat elements 2a are provided, for each stand, in
juxtaposed pairs joined by a plurality of spacers 3; this
allows & main supporting structuré to be obtained for
each stand which is light and is advantageously suitabie
for the mounting of the stationary part of the adjuster
devices 30, 31 and 32. It cannot be excluded, however,
that such interconnected flat elements 2a may be replaced
with a monolithic structure or with more complex
reticular structures, for example. Furthermore, it is
also foreseen that additional elements may be introduced
into each rolling stand to enhance its strength features;
such elements could be, for instance, uprights preloaded
by tie rods joining the free ends of the C-shape of said
flat elements 2a. It is evident, however, that these
additional elements should form no hindrance +to the
movement of the roll-carrier 10 along its respective
linear guide bearings.

Also, it is barely worth remarking that both
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the CQshape of the flat elements 2a and the square shape

of the frame which forms_,the roll-carrier 10 could .be
changed within the teachings provided by this invention;

in fact, as for said frame, it is sufficient that it will

berprovided with a closed shape, which may have a -

geometry other than a square, such as a 'polygonal or
annular shape, whilst as regards the flat elements 2a, it
matters that they have a shape with an open side

effective to ensure for the stand formed thereby, a

capability to let the roll-carrie£ 10 slideroutwards.

It should be,aisor noted that, as previously
specified, in' the rolling mill 2 just considered the
rolling stands 5 are interconnected in a continuous
fashion, whereby a flaﬁ element 2a of a stand becdmes,
over one half thereof, part of the supporting structure
for that stand, and aver ther other half, part of the
adjacent stand stfucture},it would be obviogsly Vpossible
to provide a. rolling mill wherein such standé, and hence
their flat eleménts 2a, are isolated from one another,
7 and conventional meaﬁs‘of - supporting the mandrel  during
the rolling process ma& 6étionalli be disposéd between

one stand and its spaced'adjacent one. Of course, such a

SOlution would be mainly useful in applications of 'ther

inventive stand to rolling mills intended for processing

using a mandrel.

PCI/EP93/00898
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In connection with the last-mentioned aspect,
it matters to point out that the solution to the
aforementioned technical problem, as provided by this
invention, also has applications in tube rolling mills
other than the mandrel type for seamless or normal tubes,
and in rolling mills for wires, bars, blooms, and the
like, wherein the introduction of the rolling stand of
this invention can afford the same advantages mentioned
above and, perhaps, some additional ones as well.

A furtgg; important advantage of this invention
is that the rolling stands can be made with even more
than 3 rolls; it will be easily appreciated, in fact,
that a roll-carrier 10 can accommodate 4 or more rolls in
accordance with the teachings of the previous example,
also in view of the layout of the devices 30, 31 and 32
secured to the flat elements 2a, thereby making the stand
5 flexible from an operational point of view and
adaptable for a broad range of different applications.

Lastly, it cannot be excluded that this
invention may be innovatively used also on working
machines other than that described in the foregoing,
which has not vyet been equipped with rolling stands
having three or more rolls. We refer here to tube gauging
machines or tube straighteners.

It should be considered, in fact, that it may
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- not be strictly necessary for a rolling stand 'according
to thé inventidn that the axes of fotation of thér rolls
be strictly copla.na-r wiﬁh oﬁe another; that is, said axes
might ber set askew las 'in,the Vinstance of -thé tube
straig_hte'nérs just rme-xitiohed. :

In other words, coplanarity of 3 or more
concurrent axes in a ?érpehdicular plaﬁer.to a rolling
axis is a design rfeatufe effective to Eetter define
;olling mills for making tubular or Vrod-like "bodies,
setting them apart from strip or bands rolling Vmilis

wherein this feature would be of no interest.
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CLAIMS

1. A rolling stand of a type which comprises an
outer support structure (2a,3), at least three driven
rolls (27,28,29) having respective axes (Al1,A2,A3) of
rotation which are concurrent with one another and lie in
a plane perpendicular to a rolling axis (L) along which
said rolling stand locates, driving means (55) and
associated mechanical transmission means (56,57,58 and
60,61,62) for operating said rolls (27,28 and 29),
characterized in that it comprises_“a roll-carrier (10)
substantially in the form of a frame inside which said
rolls (27,28,29) are mounted rotatably with respective
axes (A1,A2.A3) of rotation set adjustably apart from the
axis (L), said roll-carrier (10) being slidable along a
first radial direction to said axis (L) between an
operative position occupied during the rolling process
and where it is locked inside said structure (2a,3) and a
non-operatiye position where it is pulled out of said
structure (2a,3), which is open about said first radial
direction, guiding means (4,8) for guiding the movement
of the roll-carrier (10) and locking means (35) for
locking the roll-carrier (10) in said operative position,
being provided in said stand.

2. A rolling stand according to Claim 1,

characterized in tha said structure (2a,3) comprises at



WO 93/20960

| PCr/EP93/00898
- 28 -

least two Jjuxtaposed flat elements (2a), substantially

C;shaped, lying in respectiveperpendicular. planes to

said rolling axis (L) and being rigidly ~ connected

together by a plurality ofispaéers.(S).

3. A rolling stand according to Claim 2,
characterized ihrthat  said guiding means (4,8) for the
roll-carrier (10) movement ;ompfise at least one paif of
linear guider bearings'(4) extending,perpendicularly to
the rolling axis (L) énd parallel to each other, being
associated with said flat elements (2a) an& diéposed
inside said rolling standrsuépdrt strucfure (2a,3), said
linear guide bearings (4) being engaged by correéponding

projections (8) formed on the roll-carrier  (10)

. associated fhérewith.

7 4, A roliing. staﬁd accordingr to: Claim 3,
characterized iﬁ,thét it comprises, for each roll (27,28
and 29) in the roll-carrier (10), at least one adjuster
device (30,%1f32f for adjusting the distance of ﬁhe
rotational axis (Al;AZ,A3) of a :espective-roil from the
longitudinal foliing axis (L), said device (30,32) being
connected rigidly‘té the structure (2a,3) and acting on
support meané (19a~21a,19b;21b) for the associated roll
(27,28 and 29) attéched to fhe roll-carrier (10).7

5. A rolling stand according to Clgim 4,

characterized in that it comprises:
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three lever arms (19,20,21) mounted pivotally
on respective pivots (11,12,13) attached to said
roll-carrier (10) at the apices of an equilateral
triangle inside the cross-section of said roll-carrier
(10), said arms (19,20,21) extending longitudinally
inwards of said roll-carrier (10);

three rolls (27,28,29) having respective
journal bearings (24,25,26) mounted respectively ~on
chocks (19b,20b,21b) located on said ;rms (19,20,21) at
the remote ends thereof from the pivots (11,12,13); T

three adjuster devices (30,31,32) for
controlling the distance of the rotational axis
(Al,AZ,AS) of a corresponding roll (27,28,29) from the
longitudinal rolling axis (L), each of said devices
(30,31,32) being arranged to act on the arm (19,20,21) of
the corresponding roll (27,28,29).

6. A rolling stand according to Claim 5,
characterized in that said pivots (11,12,13) are mounted
adjustablylon said roll-carrier (10), supporting (36,37)
and adjustment (36a,38 and 39) means being provided for
each of them.

7. A rolling stand according to either Claim 5
or 6, characterized in that each of said adjuster devices
(30,31,32) comprises a stationary part (30a,31a,32a)

attached rigidly to the structure (2a,3) of the stand and
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a moving  part (30b,3ib,32b) ‘reciprocable along a
respective second ‘radial diréction lying 120°
others ‘analogous di;éctioﬁs,and croséing fhe longitudinal
rolling axis (L), said noving part  (30b,31b,32b)
extending throughjcorresponding openings (33) providedrin

said roll-carrier (10).

8. A rolling stand according to Claim 7,

characterized in that the adjuster device (31) is mounted

on saia structure (2a,3) where. the latter is 6pen about
said’first radigl difgctidn with 'itsr stationary part
{31a) attached pivotally to a pin (Blc) extending between
said flat elements (2a) of the stand (5) and is moved by
a hydraulic cylinder (31&) between an operative position
where the ﬁoving' part (31b) éssdciated therewith 1is
slidable along the corresponding seCond'radial‘ direction
crossing the rolling axis (L), and a ndn—opérative
position where said adjustér devicé'(31) clears off the
,réll-carrier (10) run between said positions.,

9: A rrolling stépd éccording to Claim 8,
characterized in: that eéch lever arm 7 (19,20,21)
respectiﬁely,comprises tw§  flat half-arms (19a,20a,2la)
being parallel andrjuxtaposed, to each other and mounted
pivotally with a first end,oprrtheir.respective pivots

(11,12,13) and provided, on a second end opposite to the

first, with a backing plate (23) whereto ‘a - chock

- 30 - : PCT/EP93/00898
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(19b,20b,21b) housing the roll (27,28,29) journal
bearings (24,25,26) is fastened rigidly by bolts (22).

10, A rolling stand according to Claim 9,
characterized in that said chock (19b,20b,21b) is mounted
adjustably on the backing plate (23) using bolts (22)
engaged in slotted holes provided in the backing plate
(23).

11, A rolling stand according to <Claim 10,
.characterized in that it comprises retaining means (34)
for each of said arms (19,20,21) effective to hold the
associated chock (19b,20b,21b) against said mov;ng part
(30b,31b,32b) of the adjuster devices (30,31,32).

12. A rolling stand according to Claim 11,
characterized in that said adjuster devices (30,31,32)
are of the hydraulic type.

13. A rolling stand according to Claim 11,
characterized in that said adjuster devices are of the
electromechanical type.

14, A rolling stand according to Claim 4,
characterized in that said rolls (27,28,29) with their
associated chocks (19b,20b,21b) and Jjournal bearings
(24,25,26) are mounted rotatably on respective pairs of
parallel linear supports attached to the roll-carrier
(10) and extending toward said rolling axis (L).

15, A rolling stand according to one of the
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preceding claims, characterized in that said stand (5)
comprises ét- least one - plate (9) suﬁstantialiy in the
form of a sheet disposéd perpendicula;ly tq fhe axis (L)
and juxtaposed to fhe' roll—carrier >(10); centrglly
providgd with an opéning (9a) at the iocationrof the axis
(L),,removaﬁle fromrsaid,$tand in a parallel direction to
the runﬁing'direction of the'rdllecarrier (10).

16. A tube rolling mill of a type comprising a
plurality of rolling stands*(ﬁ) disposed. side-byfside
along a longitudinal rolling axis (L), a mahdrel (40),
means (42) for retaining said mandrel (40),rahd means
(41) fof operating the lattefrconnected'to the afbresaid
means (42) for retaining it, wherein each of said rolling
staﬁds comprises at least tﬁree driven rolls (27,28,29)
h;ving réspective axes (Al;AZ,AS) of roiation concurfent
one andthér and rlying,in'_a plane perpendicular to the
axis (L), an outer support structure (2a,3) open about a
first radial direction to said rolling éxis (L), driving
means (55) and- associafed:mechaﬁical transmisSion means
(56,57,58 and 60,61,62) for driving said  rolls
(27,28,29), said stand further comprising ar roll—carfier
V(IO)Vbeing substantially in the form of a frame, on the
interior whereof said rolls (27,28;29) are Jjournalled
with their respective axés (A1,A2,A3) set adjustably

apart from the -axis (L), slidable -along said radial

©
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direction between an operative position occupied during
the rolling process where it 1is locked inside said
structure (2a,3) and a non-operative position where it is
pulled out of said structure (2a,3), guiding means (4,8)
for the movement of the roll-carrier (10) and locking
means (35a,35b,35c) for locking the roll-carrier (10) in
said operative position, being provided on the rolling
mill.

17. A rolling mill according to Claim 16,
characterized in that the rolling ﬁill has, at a side
where the support structure (20,3) of the stands (5) i;
open, a roll-carrier (10) load/unload device (50)
comprising a platform (51) movable on rails (53) laid
laterally of the rolling mill (1), a mandrel device (45)
acting on said roll-carriers (10) and operative to drive
the latter on said guiding means (4) to load them onto
said platforms (51).

18. A rolling mill according to one of Claims
16 and 17, .characterized in that the rotational axes
(A1,A2,A3) of the rolls (27,28,29) in one stand (5) are
rotated substantially of 60° from the corresponding axes
(A1,A2,A3) of an adjacent stand (5) in the rolling mill.

19. A rolling mill according to Claim 18,
characterized in that the roll-carriers (10) are

identical with one another, and that the carrier (10) of
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one stand (5) is turned upside-dowur with respect to the
one of an adjacent stanidr in the rolling mill about a
horiéontal line crossing the axis (L), thereby obtaining
said rotatién of 60° of the axes (Al,A2,A3) o'fr the rolls
(27,28,29) from onerstand to arioth_er.

20. A rolling mill according to Claim 197,

characterized in that it comprisesr a main support

structure (2) formed by joining continuously together

said support structures (2a,3) of the single stands. (5)
laid side-by-side, on the inside whereof are ra. plurality
of said roll-carriers (10) substantially arranged in a

paékage, each of which is separated from the next in the

package by a partition plate (9).
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