A.Rolling MII wth ) Rol| Deflection Bi-Di nensionally Controlled
Field of the Invention " The invention generally relates to a rolling
mll for producing plate and strip, and in particular to arolling mll in
whi ch two- dinensional central support is automatically formed so as to
control the roll's flexure, thereby the rolled plate and strip have very
hi gh t hi ckness precision irn cross section. Backgr ound

of the Invention Gener alyl sagari ety of kinds of rolling
mlls for rolling plate and s{sr&(mgﬁnggﬁcl assified according to the
nunber of rolls into e jLwo- hi Lll, the four-hjgh mil nd the cluster
mlil, but the ms{ﬁ%ﬁbﬂﬁycmﬁ%m;mnﬁwﬁﬁyﬁM¢ high mill, the
HC mill and the cluster m |l and so on. For two-high type, four-high type
mlls, there exist many di sadvantages, the main di sadvantage is that: when
a piece to be rolled passes the mll stand, since the downward driving
devices are located at the neEikddodf the Invehtsion he rolls are caused to have
| ar ger bendi ng deformation, and the deformations of the rolls will result

in the thicknessThy fvertidhgetieradl @ht@t@fajéﬁirr metfor peedticing ed
c

plate and strip), thus seriously affecting the quality of the rolled piece.
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rolls has to pt ed, r-high m e met
1 dimensional central support is automatically formed so as to control
S5 the roll’s flexure, thereby the rolled plate and strip have very high

thickness precision in cross section.

Background of the Invention
Generally, there are a variety of kinds of rolling mills for

rolling plate and strip, and they are classified according to the
number of rolls into the two-high mill, the four-high mill and the
cluster mill, but the most commonly used rolling mills are the four-

high mill, the HC mill and the cluster mill and so on. For two-high

type, four-high type mills, there exist many disadvantages, the main
disadvantage is that: when a piece to be rolled passes the mill stand,
since the downward driving devices are located at the necks of the
rolls, the rolls are caused to have larger bending deformation, and
the deformations of the rolls will result in the thickness error in the
cross section of the rolled piece (rolled plate and strip), thus
seriously affecting the quality of the rolled piece. To solve the
above problem, the method of increasing the diameter of the rolls

has to be adopted, and for a four-high mill, also the method of



i acreasing the dianmeter of the supporting rolls has to be adopted. However,
as the dianeter of the rolls increases, it is certain to cause the rolling
forces to abruptly increase, and the increase of the rolling forces in turn
causes an increase of the bending deformation of the rolls. The
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cluster m hhéreagsﬁhgggle diggieter W@heglm%gm% olntaspen beyadopteds (as

shown in Figs. Japanese Patent 5 I scl oses a cluster mll
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defornationf%%enﬁgfce or elimnate the effect of the roll's flexural
1

def or mati o® §-hi ckness of rolled piece consists in the control of the
shape of the cl earance between the working rqlls .to make the fl exural

def ormation of thBewdustergnillsiinchedeiptegraliiousing Bipa M opsn
rolling forces. A Chinese Patent (application nunber 89101393, | ssue nunber
CN 101 3250@pedmsidlsod@s ‘shown! ingFigs! Ly ), r bapanese shatents 134d2d>%nd
high rigidity". To achi eve above object, according to the patent, the

suppor t i ng distlosest at¢lastert enitbswhicly adeptst actawerdilte kollr systespst@ are
supported on the roll supports in the formof a nufti-section beam rolling

(e 2o oure, e olingodt o ot by bt
of the forgg PYINStEYMilE the portions of the mill frame which céntact the
supporting rolls still have bending deformation under rolling forces,
thus causing the flexural deformation of the working rolls and
affecting thé uniformity of the thickness of rolled piece as a result.
The solution to the problem of the roll’s flexural deformation
to reduce or eliminate the effect of the roll’s flexural deformation on
the thickness of rolled piece consists in the control of the shape of

the clearance between the working rolls to make the flexural
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deformation of the working rolls not to be affected by the change of
rolling forces. A Chinese Patent (application number 89101393,
issue number CN 1013250B) discloses “A rolling mill with rolls of
small flexure and high rigidity”. To achieve above object, according
to the patent, the supporting rolls at the outermost layer of the
tower-like roll system are supported on the roll supports in the form
of a mufti-section beam; rolling forces acting on the working rolls
are transmitted respectively to the upper and lower roll supports via

the roll systems; the vertical component of the force borne by the



roll supports are transmtted to the mll frame via the downward driving or
upwar d driving devices or 'simlar elements such as pads; the number of the
downward driving or upward driving devices is at |east two, and the
positions of the downward driving or upward driving devices are in the

m ddl e regi poll uppertsxafe Afandmittedkigaheomilbirame Ve ltheudoswhdvardt can

be seen, the sol ution™of that patent can make the flexural defornation of

the rol | S?ﬁPﬁfihgfbﬁup\%ﬂ@ﬂﬁéﬁgg @evites | s{ri\'ihérvélé&éﬁl% $URH alpady;ces in

t he main, us effect y re ng the thickness error 1n the
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flexural defaormation, thus causing the axis of {he supporti rolls, the
i nt er medi at EOll @M §ﬁ§nmlg\$éli)p0f&$-v\ﬂr «an e SECH, thersalattion gxfr] thatopatant
def ormati on. As stated above, to solve the problemof fl|exural

def or mat i oncan makevhedlexural deformationwaf the mﬁm,upporlts ingheovertical
necessary to reduce the flexural deformation produced by the verti cal

conponent fplare noft vays withatheprolling dobges ha the mam, thusoeffectnvelior ce,

that is, it is obliged to solve the problem of deformation in two-

dimensi onal reueitig the thickndsat eordnkehizg cress-seetiobeofiehe rolied piéceind the

tM ckness precision in the cross-section of the rolled piece can be
increased. However, for the cluster mills with tow@r-like roll systems, the force

transmitted from the working rolls to the intermediate rolls has
vertical and horizontal components, therefore the peripheral
supporting rolls also bear significant horizontal component force.
For the rolling mill disclosed in Chinese Patent 89101393, the
horizontal component force causes the roll supports to have
horizontal flexural deformation, thus causing the axis of the
supporting rolls, the intermediate rolls and even the working rolis to
&9 have larger flexural deformation.

As stated above, to solve the problem of flexural deformation
of the working rolls of a cluster mill, it is not only necessary to
reduce the flexural deformation produced by the vertical component
force, but also that produced by the horizontal .component force,
that is, it is obliged to solve the problem of deformation in two-
dimensional directions, so that a working roll can be held straight
and the thickness precision in the cross-section of the rolled piece

can be increased.



Summary of the Invention Therefore, the invention is ained to sol ve
the probl em of the two-dimensional flexural deformation of the rolls,
nanely, the rolling mll -of the invention can reduce not only the flexural
deformation in vertical direction, but also that in horizontal direction.
Accordingly, the object of the invention is to provide a high-precision
rolling mll, as conpared with the prior art, when the rolling mll of the
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the rolls can be greatly r e reduction of the
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is of a fra type and .is abl e ear .roll rce and a arts.and
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in the frame. The roll systens are so, arran ed as to be of a tower-1like
conf i gur at idiection. rAccordingly, ithe cobjecteaf dhet ireentiontis, ta, prowdsqar ol | |
supporting rolls and internediate roIIs the upper and | ower supporting
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supported on the upper and lower mddle ro supports and the upper and

Lower | at ertie follin, Hﬁl’lobfihe flnfvéﬁtidﬂ i3 stibjectedt to thetrodlinpeforceathet he

pper middle roll Support and
flexural deformation of the rolls can be greatly reduced, resulting in

the reduction of the thickness error in the cross-section of the rolled
piece and the increase of the dimension accuracy of the rolled piece.
To achieve the above-mentioned object, there is provided a
rolling mill for rolling plate and strip comprising: a mill frame; an
upper roll system and a lower roll system; and an upper middle roll
support, an upper lateral roll support, a lower middle roll support
and a lower lateral roll support. The mill frame is of a frame type
e and is able to bear rolling forces, and all parts and components of
the rolling mill, such as the roll systems, are incorporated in the
frame. The roll systems are so arranged as to be of a tower-like
configuration. The roll system is composed of three parts, a working
roll, supporting rolls and intermediate rolls; the upper and lower
supporting rolls disposed at the outermost layer of the roll system
are respectively supported on the upper and lower middle roll
supports and the upper and lower lateral roll supports in the form of

a mufti-section beam, and the upper middle roll support and the



4. upper lateral roll support can be noved up and down if necessary
to adj ust the magnitude of the clearance between the rolls. The mll frane,
the roll supports, the central supporting nmeans between the m ddle rol
supports and the lateral roll supports, the central supporting neans

bet ween t heuppentateral rok suppiire can besmpoved apaand downdfinedessappdot i ng
nmeans betmeen the frame and the lateral roll supports comonly forma
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Under the dfte sideowalls of the framengndenthe action ofiharizental cosnposgpbor t s
pfess tightly against the side walls of the mill through the vertical pads,

thus bei ng foroer AThe cemtralr $gpportingenteanisz i dasposed on at lsastone ofr event

the upper and lower roll supports, and is arranged in the region near
the middle part of the roll body axis of the working roll with its
length being not longer than the length of the roll body of the
working roll. The central supporting means includes driving devices
and horizontal pads; there are at least two driving devices disposed
above the upper middie roll support and placed in the mill frame,
the lower middle roll support is supported by horizontal pads. Both
&5 the driving devices and the horizontal pads are arranged in the
region near the middle part of the roll body axis of the working roll.
In the rolling mill of invention, there are also disposed upper and
lower vertical pads along a horizontal direction, which are
respectively positioned between the side surfaces of the upper and
lower lateral roll supports and the mill frame. Under the action of
horizontal component force, the lateral roll supports press tightly

against the side walls of the mill through the vertical pads, thus

being centrally supported in the horizontal direction so as to prevent
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| exural deformation due to horizontal conponent force. In the
|1 of the invention, horizontal pads are di sposed between the

| supports and the lateral roll support to further provide

ppaort to the lateral roll supports in the vertical direction.
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Brief Description of the Drawings
The embodiments of the invention will be described in detail

in connection with accompanying drawings, and the object of the
invéntion will become more apparent from the féllowing
description:
Fig. 1 is a schematic view of a conventional rolling mill,
Fig. 2 is a schematic view of a conventional open type cluster
mull;
Fig. 3 is a schematic view of a conventional .cluster mill
disclosed in a Japanese Patent;
Fig. 4 is a front sectional view of the rolling mill in
accordance with the invention;
Fig. 5 is a sectional view of the rolling mill taken along line A-
A ih Fig. 4;
Fig. 6 is a sectional view of the rolling mill taken along line B-

B in Fig. 4;

Detailed Description of the Preferred Embodiments

Figs 1-3 are schematic views showing the commonly used



Figs 1-3 are schematic views show ng the commonly used

6 conventional rolling mlls. Due to their structure, it is
inevitable for the rolls to deflect during rolling, and this will directly
affect the quality of the rolled piece. Therefore, the surface precision of
the rol | ed RiffshticaakebRidy nilk. tDuekwetseiprstrasiure, of ipinevitabke fopt neet
the requirenents. Figs 4-6 show the enbodi nent of the high-precision
rol1ing m lcheWtdifls tocuifieet KifoCROMInY,! afid ipisdwitndiretly nifectatigor dance
with the invention. As can be se€n In g. 4, a two-dinensional central
SUppOr ting SySERMFORY | @TeT rélihe! QhtfaupprIiSich TS

| at er al rolq%%lﬁj ports 6k§ﬁ§dggié padsﬁgyegi o _}?1629‘715 and , and driving
devices 9. |mt . J0 & e ' R c onents
such as ¢ ndOlseLDiEEE RstRARY PR SHCRHCR ProCisiBhl b plate, “edn SAGERTH
supports 8 and t he.upper_ and | ower lateral roll supports 6 and 26, and
etc. The fﬂgﬁgtfgéggﬂuygﬁﬁgpﬁ%d into an integral one, or can be forned by

several parts cgnnected fogether b ans_of di.ng.,or _other_ co cting
met hods. The upBHES é‘vt‘rg 5 thg € ’Jﬂ@ngr‘éfl\%ég %h‘péﬁ}lségﬂpggﬁﬁnéf a
working roll (1 and 21, internediate r?IIs 2 d 22,. and supporti rolls 3
. 23 and 4,mill with 8exusesnbeingwentrolled two4 lﬁﬁn%ﬂnﬁgdeﬂﬁgﬁco ¢®! | ed
piece is designated by reference nuneral 13, The supporting.rolls 3, 23 and
4, 24 at thvitgutthcrrhwenmnr As aare beoiseeny i efigar 4, sus mens1onal f or m

of a multi-section beam generally two or nore section beam (refer to Fig.

5). on the gareal aswpporting! aysterh reormpsisesora sfiames 1dhd migdie arall| over
ﬁ@%ddle roll supports 8, 28" Ih the central supporting system the

supports 8 and 28, lateral roll supports 6 and 26, pads 5, 25,

7, 27 and 29, and driving devices 9. In the frame 10 there are
provided the main parts and components such as the upper and
lower roll systems, the upper and lower middle roll supports 8 and
28,'the upper and lower lateral roll supports 6 and 26, and etc. The
frame 10 can be formed into an integral one, or can be formed by
several parts connected together by means of welding or other
connecting methods. The upper and lower roll systems are
Gl respectively composed of a working roll 1 and 21, intermediate rolls
2 and 22, and supporting rolls 3 , 23 and 4, 24, which form a tower-
like roll system together. The rolled piece is designated by reference
numeral 13. The supporting rolls 3, 23 and 4, 24 at the outermost
layer of the roll system are supported in the form of a multi-section
beam, generally two or more section beam (refer to Fig. 5), on the
upber and lower lateral roll supports 6, 26 and upper and lower
middle roll supports 8, 28. In the central supporting system, the

driving devices 9 are provided between the upper middle roll



driving devices 9 are provided between the upper m ddle rol

7 support 8 and the upper inner wall of the franme 10, the device 9
is positioned on the upper mddle roll support and |ocated at the middle
region of the axis of the working roll, generally located within the |length

of the rol suppiit & ahtethw uppes maier. walkofithei framieviG;etheddeancerSes up and

down, cadausing the upper mddle roll support 8 and the upper |l ateral rol
supports 6 gqaifiBred! egetther upperntithite rollt sapporecand Tocatedl@tt thedj ust
t he clearaﬁﬁg;ggtmeen t he rggﬂé. For carrying ght automatic control, the
driving de 'gﬁﬂ c (o] T hENvwast o] | e ' S
controllin\élll evFEe %ﬁ%fqgﬁgag)Hggpgg?ﬁgéaccukg#gly et ﬂ%ﬁﬂbéﬁﬂﬁf
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different sizes, nanely, the thickness of the horizontal pags can forma
t hi ckness $heiredls. Hor cagrytgout automatlccmntﬁgﬁmheeg&lé{rmg SELLS LAl by
usi ng horizontal pads 29 of different thickness. And also, the horizontal

pads 29 caal$e bepequipped witlydanuautonmtic shectathioknessecondrolling
F@ferring to Figs 4, 5 and 6, it can be clearly seen fromFig. 4 that the

upper m ddideviet!(notstswnd so asulpactatatedy idstett theymagnitude of the

rolling force and the clearance between the rolls. Therefore, the

production can be automated to obtain high precision products.
Between the lower middle roll support 28 and the lower inner
wall of the frame 10 there are disposed horizontal pads 29 (Fig. 4),
the horizontal pads are placed under the lower middle roll support
and located at the middle region of the axis of the working roll,
genérally located within the length of the roll body of the working
o roll. Obviously, the lower middle roll support 28 is supported by the
horizontal pads 29. The horizontal pads 29 can be of different sizes,
namely, the thickness of the horizontal pads can form a thickness
series. The adjustment of the rolling line can be realized by using
horizontal pads 29 of different thickness. And also, the horizontal
pads 29 can be replaced by a hydraulic device or a screw device.
Referring to Figs 4, 5 and 6, it can be clearly seen from Fig. 4
that the upper middle roll support 8 is supported vertically by the

driving devices 9, while the upper lateral roll supports 6 are

8



driving devices 9, while the upper lateral roll supports 6 are

8 supported vertically on the upper mddle roll support 8 through
pads 7 and can slide in the horizontal direction. Between the upper |ateral
roll supports 6 and the frane 10 there are diéFosed vertical pads 5, thus

the upper |nppedtedoverticaityron therepperngaiddie tiodl fsupporto8t thraugh

t hrough the vertical pads 5 under the action of the horizontal conponent

force. The gydy 7nandeddre SHAR. inpdlds hibrinontadrdirestionad3ctweer thecappdrat the
m ddl e regi'on of the axis of the working roll, being within the | ength of

the roll bqﬁl’%@flvﬁgﬂfls@p@fsggtﬁﬁﬂ-t@ fidspe! 10 {Hegel anedispelie vrticabuppor t

28 is support e pads 29, while the lower |ateral rol
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support 28, the lower |ateral roll_ supports and .t he pads, 27, together
with the paworkmgndllyb.emgamtbmihzd,emgihﬂéém reld hady ﬁ% the working 10.

And the upper roll support conposed of the upper mddle roll support 8, t he
upper | at ermoll.r 8imdaryor the clower t midades roﬁ tSogpgarér 28 tI8 SHPpoTied ng
levi ces 9 and.the vertical pads 5, is supported on the frame 10. Due
to the abowemivdllypbydhe pads @% whikhthe lowendateral roll supports 26 are
supported vertically on the lower middle roll support 28 through
pads 27 and can slide in the horizontal direction. Between the lower
lateral roll supports 6 and the frame 10 there are disposed vertical
pads 25, thus the lower lateral roll supports 26 press against the
frame tightly through the vertical pads 25 under the action of the
horizontal component force. The pads 29, 27 and the vertical pads

25 are located at the middle region of the axis of the working roll,

being within the length of the roll body. The lower roll support
composed of the lower middle roll support 28, the lower lateral roll
subports 26 and the pads 27, together with the pads 29 and vertical
pads 25, is supported on the mill' frame 10. And the upper roll
support composed of the upper middle roll support 8, the upper
lateral roll supports 6 and the pads 7, together with the driving_
devices 9 and the vertical pads 5, is supported on the frame 10.

Due to the above-mentioned structure of the rolling mill of the

invention, the flexures of the rolls are substantially reduced. This is



I nvention, the flexures of the rolls are substantially reduced. This is
9 because that the franme, the roll supports, the central supporting
nmeans between the mddle roll supports and the lateral roll supports, the

central supporting neans between the fyrame and thélniddle Loll supports and
the centralbecamser thaly theaframe; iben roHe suppetsanthg eentse rsélpl?Q!Ig ng

supports form a two-di mensional central supporting systemtogether, nanely
provi di ng gaeansibetwaen the middle redl supportsnand dhedateral rolk seppors, And
specifically, the upper and lower roll supports of the mll, and even the

suppor ti ng theldentrahsup bﬁriﬂgdirwaelsr betweendherframe andgthe mxddeaal |

supported centrally in both horizontal and vertical directions. The rolling

forces bor %ﬁ;ﬁ)brft@%ﬂ@'théf@eﬁﬁhl supporting meahs bétwédre thepfranié rand ol | s
g

via the worki roll's and the interfediate rolls. The supporting rolls

conprise S%pﬁrﬁkefﬁ%m% ﬁ@%rggant%-@meﬁsmr eénfrabfstpporting. 5) .

Ther ef or e, e outer rings of the bearings rotate when the rolling force is
to the uppySTeRlttRE. Sl TRY\tE Soithe, SAppGrt fn feth, vefieal e
Upper 1 nnemihAOrEROtAL CRESFONS AAKE SHRE i e i s A HEMERAILT,
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Lt or medi atrellSoand dhe twereA oIl Suppartede costralld) T opplient
35 and ¢ he framizantaleandovertizal dimations: Khe; rokg oRees Hame Bydiael | <
working rolls are transmitted to the supporting rolls via the working
rolls and the intermediate rolls. The supporting rolls comprise
several backing bearings mounted on an mandrel (refer to Fig. 5).
Therefore, the outer rings of the bearings rotate when the rolling
force is transmitted to the outer rings, and the rolling force is then
transmitted to the upper middle roll support and the upper lateral
roll supports through the bearings. The vertical compdnent force
& finally reaches the upper inner wall of the frame via the driving
devices, and the horizontal component force reaches the side walls
of the frame via the vertical pads. Similarly, the rolling force borne
by the lower working roll is transmitted to the lower middle roll
support and the lower lateral roll support via the intermediate rolls
and the supporting rolls, with the vertical component force beir_lg
transmitted to the lower inner wall of the frame via the pads 29 and

the horizontal component force being transmitted to the side walls

of the frame via the vertical pads 25. The driving devices, the pads

10



of. the franme via the vertical pads 25. The driving devices, the pads

10 and the vertical pads on the force transmtting path are al
| ocated at the mddle region of the axis of the working roll, belng Wi t hin
the length of the roll body, Therefore the rolljng mll of the

i nvent i on gnndﬂmey@mcalappdsm thadesce rtmryuttmg parch@rc. aly locatacbat
“generating line of the working rolls not only in the vertical plane but _
al so i n t h¢hsomiddbe atgponref the axis axithe workinigerol abedngowithinothef t he
working rolls do not vary with the rolling force in the main. Therefore,

the rolls' Jéh @@th@qkﬂlhmkbpn Is significantly reduced, resulting in the
reduction of the thickness efror of the rolled strips. The adj ust nent

of the clearancThpeéfise) tHe rfollin 'rﬁllfﬁcéﬂnﬂiei JheenblonyuAAtEes UERST

mddle roll support 8 and the upp r lateral roll support~ 6 up and down

{oget her | yOpRrSBAGY SuhlRy ! [RETdgorit opTRe! cehehingolincourag © anc
e o uBlingloNn T 1P SRR BATE YA o gy
v o AR/ BB RO TRE R 08 O BBl AT

d Th d d b b
or ovi ded oatngary Attt AhenEolliE EEe ol dhe.RAIncT REdiatn APCEORS

stacked pa npared wi.th the prior art I nvent.i on has the

th
tol | owi ng ?fexural de%grmatlon is signific antiy reduce resulting in the
v.}

reduction of the thickness error of the rolled strips.

The adjustment of the clearance between the rolls is
accomplished by moving the upper middle roll support 8 and the
upper lateral roll support 6 up and down together in thé window of
the frame 10, the upper middle roll support 8 and the upper lateral
roll support 6 are driven by the driving devices 9.

* The rolling mill of the embodiment can be placed upside down,

and accordingly the downward acting driving devices become

upward acting driving devices. Such a modification may have the
same effects.

The hydraulic downward acting driving devices can also be
replaced by a screw device.

The pads can be replaced by the bosses or protuberances
provided on the frame or the roll supports, and the pads can also be
stacked pads.

Compared with the prior art, the invention has the following

ad\)antages:
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advant ages: Since the rolling mll of the invention has an
i ntegral franme the shape of which corresponds to the contour outline of the
conbi-ned roll supports and the frane is of very high rigidity; the pads or
t he cl earance adjusting devices between the mddle roll supports_ and the
lateral roll suppmas thamolling nudlhoﬁem@eamvmaonohasarppn&graérﬁam frame
are located in the mddle region of the axis of the working roll and are
wi t hi n t hethenghhapef aofhevhich ¢omegspondse taothée ngontour auglmerof the
t wo- di nensi onal automatic central supporting system Thus, the shape of the
gener at i ng domBiréd trodl wapports aeld shé sfranss aotefderpthiph yigidityhetheer ti cal
pl ane but also in the horfzontal plane. As a result,” the bendi ng
def or mat i opaefs LRCEHO HeAfai€l | A RREMA UeviReY BetWebhielio! middié ¥olP 1 1

abl e ® eduction o

the main, resulting 1n the remar the thickness error of

Simpl 11y ¢ AEPRgRE Apd,the KRrabkollhihoitscantthe BAASTbARERT RERILY
the, oLl SRR i UALItAhe FAFSEAE It ORI el WrERELS
oLt one R barRia il bl B WA 166 SEelA SRRl pRTRE DA, o

factors associated with the canbering su;ﬁ.as t he hendi ng defornatio

f1 at t eni ng kN T fBd: éﬂﬁénﬁi otwardimensional  awomaHc) Lentgg: of
consi deration, and the heat expansion and wear_are also.slopy c gi ng
factors, tSUPPITRE System. rbhuss rthpesgaaeta tb@ngsacr%mnghﬁneon?aﬂmape
@ﬁ@ring roIIin%ﬁFan be greatly sinplified. In addition, the "roll_ pass"”
formed by werliagitolis dsiguaranteed not anly in the vertical plane but also in

C

the horizontal plane. As a result, the bending deformation of the
working rolls does not vary with the rolling force in the main,
resulting in the remarkable reduction of the thickness error of the
rolled strips.

The rolling mill of the invention can greatly simplify the
cambering or the design of the roll shape and the control of the roll

shape during rolling. The bending deformations of the working rolls

of the inventive rolling mill in both the horizontal and vertical
directions do not vary with the rolling forces in the main. Since the
bending deformation, which is the most important factor among the
various factors associated with the cambering such as the bending
deformation, flattening deformation, heat expansion-and wear etc.,
can be left out of consideration, and the heat expansion and wear
are also slowly changing factors, the design of the roll shape and the
control of the roll shape during rolling can be greatly simplified. In

addition, the “roll pass™ formed by the bending deformations of the

12



12 two working rolls of a conventional rolling mll is elimnated,
thus facilitating the transverse flow of the netal and bei ng advant ageous
to-roll high-precision strips with wedge-shaped bl anks, and the phenonenon

of the "edge atte | ORY. Qfe stri ' e | . e above
menti oned g}é‘é’oﬁ‘?ﬂﬁﬁgﬁllﬁn@fi%SQH%ﬁfO@e@MWW Y?%«il%p?ged’nnﬂﬂ#e roll
systemis but. the roll syste nma ve djf.ferent .nunber of rolls. In
Sudi tron. EaciEBkine e BansEisE dow of 08 dnblaltd BeiBg pdladlageus e
rol | supports or the roll.systens in a conveptiopal rolling mll The
ovent i on e Foll highecisdosiips| Wit Wa &Q'Sﬁﬁﬁedslbiﬂggsa;%}dcﬁlﬁ e to
hot-rolling mlls for rolling strips. . Although the preferred
enbodi nent Phenamenprvehthencdgea tiendroftsimips 15 geeatdydmpiaovest i n t he
art, various nodifications can be nmade to the invention w thout going
beyond t he scopdmotthehabeveantentiohed nembbodimentwehitheninvention, the
number of the rolls in the roll system is 12, but the roll systems may
have different number of rolls. In addition, the combined roll
supports of the invention can mate with the roll supports or the roll
systems in a conventional rolling mill.
= The invention is not limited to cold rolling mills, and is also
applicable to hot-rolling mills for rolling strips.
- Although the preferred embodiments of the invention have
been described, to persons skilled in the art, various modifications
can be made to the invention without going beyond the scope of the

attached claims of the invention.
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13 VWhat is clainmed is: 1. Arolling mlIl for rolling plate and
strip, conprising a mll frame (10), an upper roll systemand a | ower roll
system and an upper roll support and a | ower roll support, said upper and

| ower rol | bel <0 arranged as to have a tower- I|ike

confi gurat Wﬁgy% %thé‘rol | supports of the rolling mll being conposed
of a mddle rol u 0 fi :
supporting maanis %e?&g@#ggbiﬂef:ﬂ?dﬁlgﬁ%ﬁg@uébgr %ﬁb?gl{lgﬁsg{l%%{amlrl%l I
supports, d saj ateral roll ;su rts bei ng, able t Lide in e

o sont a1 TeimEct O a8 inpRriTolf SREMSaRd AUGWEE, bt Byt ddd B
central supporting.neans between said mddle rol] support and jd |ateral
rol | suppoMppeé’eE‘guucSWFtaan U%H&Wq:ﬁ@OﬂE&HEPQ&av@%‘EP UpPEr, & €k he

m ddl e roll flgspps(%rt agd,thi rd central s,ttjp%gti ng nmean ,l?etwe th%, frame
and t he | atoHa8ystoms amgwsosalfrangedgame V@i WEIn al K& GOBREUIALIOt 1 al
supporting systemtogether, the central supporting neans being di sposed on

at | east omwhereinhtheippdl supportsveaf the rolipgomill bengcomposcdngédin t he

m ddl e region of the axis of the roll body of a working roll with its

| engt h not rhiddier rélbaappurt, Eitetdlerolbisuppuoiys anhd fiestwoentrad supporting

means between said middie roll support and said lateral roll

supports, and said lateral roll supports being able to slide in the

horizontal direction; said mill frame, said roll supports, said first
central supporting means between said middle roll support and said
lateral roll support, second central supporting means between the
frame and the middle roll support and third central supporting
means between the frame and the lateral roll supports forming a
two-dimensional automatic central supporting system together, the
central supporting means being disposed on at least one of the
upper and lower roll supports and being arranged in the middle

region of the axis of the roll body of a working roll with its length

not longer than that of the roll body of the working roll.

2. The rolling mill as claimed in claim 1, wherein said central
supporting means comprises driving means (9) and a horizontal pad
(29), the driving means and the horizontal pad are respectively
mounted between the upper and lower inner walls of the mill frame
(10) and the end surfaces of the middle roll supports (8, 28), said

~ central supporting means further comprises vertical pads (5, 25)

which are respectively positioned vertically between the inner side

14



2.. The rolling mll as clainmed in claim1, wherein said central supporting
means conprises driving neans (9) and a horizontal pad (29), the driving
means and the horizontal pad are respectively nounted between the upper and

| ower i nne I ' f 't i dd
roll stpo&Yéﬂ%Q‘T%mﬂL&Al@g @ﬁ%@? éhﬁlegﬁgem eﬁa’f:égfr%l)rljlbzle;n - ©
(e oL Plpgis (624 S GERAG 4o RS W LR S
frame (10) ,and the de f he | at I | | t 6 26 d
but ¢ 1 ght BpTEeRial COmBRTGRadPremcltits Nk (e gmill SRR chmpa% force,
thus making the mll fra (10) format di nensi onal  .aut gnat cenfral
support r ebwio-démensional cautorngpér tf‘sentsfgf ds%ﬁﬂﬁftalreiﬁgﬁﬁr donghgedod
further conprises pads (7, 27) which are dlsposed bet ween sald m ddl e rol

supports (supp@)tsarsaldacelntrai sugpporsing snpans tfurther eemprises padsrhé,

rolling mll as clainmed in claiml, wherein said frane (10) is an integral
casting frQm, wirnchsalaesshspbseldtbuetaaveemtmdaimddée lrplk supports 8ye2 $ipds
such as welding, with a window forned in its outer wall. 4. The

rol 1'ing m landesaiel kiterdl roll supports (0y26%i n arranged at the outernost Iayer
of said roll systens are supporting rol s (3, 4, 23, 24), the supporting

rolls being inj, ”Th%ofd[?]ﬁig @?m"ais' cﬁﬁie&ﬁnb@mqn%hblrmmshid fpame han

;mo sections. l'ing mll as clained in claim2, wherein said
I

;I;VLQEI a9 g auf Hictial 'c%f‘*h{%@*ﬁoet B, IS 4dscBIEY o gt ARdbrdP e ono

e rolls. by conflecling hidthdd Shth & weidifAgd vI/i‘ﬂhcé Wihdow fsrrfikd A d

driving
its outer wall.

4. The rolling mill as claimed in claim 1, wherein arranged at
the outermost layer of said roll systems are supporting rolls (3, 4, 23,
24), the supporting rolls being in the form of a multi-section beam
generally with more than two sections.

5. The rolling mill as claimed in claim 2, wherein said driving
means (9) can vertically move the roll support up -and down along

@ the central axis of the frame (10) so as to adjust the clearance

between the rolls.

6. The rolling mill as claimed in claim 2, wherein said driving
means (9) is hydraulic driving means.

7. The rolling mill as claimed in claim 2, wherein said pads (5,
7, 25, 27, 29) are protuberances provided on the frame or the roll
supports.

8. The rolling mill as claimed in claim 2, wherein said pads (5,
7, 25, 27, 29) are stacked pads.

15



means (9) is hydraulic driving nmeans. 7. The rolling mll as clained
in claim2, wherein said pads (5, 7, 25, 27, 29) are protuberances provided

on the frane or the roll supports. 8. The rolling mll as clainedin.-
claim 2, wherein said pads (5, 7, 25, 27, .29) are stacked pads.

15 Claims aéy&mmd@é lei%rrAAmlféﬂd Qﬁ’éﬁ PCT  What is
clainmed is: 1. Arolling mll for rolling plate and strip, -

conprising a mll frame (10), an upper roll systemand a |lower roll system
an upper roll support and a lower roll support, and driving neans (9) for
adj usti ng Whatlisalaimedhtist ween the rolls, said upper and |ower roll
systens being so arranged as to have a tower- |ike configuration, wherein
one of the roll supports conprising a first mddle roll support, first
| ateral roll supports and first central supporting neans between said first
m ddi e rol | suppoAl raflfhgahdllHforstollitieephite ahll steipocomprisihed thill r st
ng able to slide in the hor

| ateral roll supports be I zont'al diTection

S o TEOL S T LT SRR e SR e S,
(e contsall SUBBOYT i TR BRSHOH, ShaBEE R AR AT o o

Supporting a8 n8tH fldrah&between the rolls, said upper and lower roll

systems being so arranged as to have a tower- like configuration,
& wherein one of the roll supports comprising a first middle roll
support, first lateral roll supports and ﬁrsf central supporting means
between said first middle roll support and said first lateral roll
supports, and said first lateral roll supports being able to slide in the
horizontal direction relative to said first middle roll support; second
central supporting means being disposed between the frame and
said first middle rqll support, and third central supporting means
- being disposed between the frame and said first lateral roll supports;
3 said first, second and third central supporting means being arranged
in the middle region of the axis of the roll body of a working roll
with their length not longer than that of the roll body of the working
roll; said frame, said one of the roll supports, first, second and third
central support means together forming a first two-dimensional
automatic central supporting system.
~ 2. The rolling mill as claimed in claim 1, wherein said driving
means (9) is disposed between the frame and said first middle roll

support and is used as said second central supporting means.

* c L M S *



in the mddle region of the axis of the roll body of a working roll wth
their length not |onger than that of the roll body of the working roll;
said frane, said one of the roll supports, first, second and third central

support neans tgg e m_n flqr t Wo- di nensj on J tig cengral

suBBort I ng systgnﬁ{é fOIfhg{.g Wlﬂl 36#1??3@64% %Agﬁ& 1api M@Lﬁf.%ﬁﬁ% ﬂﬁ&e,r Rﬁer ein
[ i vi is di d bet t he. d id first mddle

ol I supportiearll; PReHS SoBHTaSER dosaconA PUIdapE wapaRarascond

17 3, The rolling m]l as clained in claim 1, wherein the other

of the rol latarahdolk Sg@fﬂﬂﬂ%@é’l(t fourdn ¢emtrall supportingppaeans hfwaen at er a

roll suppor%;mand fourth centhal suaﬁortingkgeans betmeig ig%d secgpd 4

m ddl e rol IS ;spsondanudd&e HOBeR1IP{R0 sand sai tSBCOﬁdpl@dier ,JoahSuppoODissecon

| ateral roll supports beingﬂgble to slide in the horizontal direction

rel ative tanchisaidesecondi tateealk abll supports beingh abslet tal shdppom t they nean
bei ng di sposed between the frame and said second mddle roll support, and

si xth cent hrizomtadrdirectionaedatioento shidpsssshd ehiddie tdlé suppmtafigisai d

second lateral roll supports; said fourth, fifth and sixth central

suppor ti ng ceptrd bap Grﬁh%am%hé rbéi_hg :@ii bSed SBERIcen tHE fRdme @nd he

roll body of a workihg ro w th thei ength not |onger than that of the

rol | body gg;]d gggwﬁﬂkﬁﬂadqe'rbu] hBoft. 2Rl sﬁéthdc&s{iﬁ[e §apggr?rﬁggaemports

fourth, fi sixth centra poft neans toge a second
Gl as o Sy AEOFRA TeRRRER YA Hnf SaRY sroon e Tolhns ™
A T RO I R T
stde valls Olanged T ‘the' Middié Jegion of the axis of the roll body of a
working roll with their length not longer than that of the roll body of
the working roll; said frame, said other of the roll supports, fourth,
fifth and sixth central support means together forming a second
two-dimensional automatic central supporting system.
4. The rolling mill as claimed in claim 3, wherein said fifth
central supporting means comprises horizontal pads (29); said third
@9 and sixth central supporting means comprises vertical pads (5, 25)
which abut tightly against the inner side walls of the mill frame (10)
and the corresponding side surface of the lateral roll supports (6, 26)
under the action of a horizontal component force,; said first and
fourth central supporting means comprises pads (7, 27).
5. The rolling mill as claimed in claim 1, wherein said frame
(10) is an integral casting frame, or is assembled to an integral one
by connecting methods such as welding, with a window formed in

its outer wall.

T
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and the corresponding side surface of the lateral roll supports (6, 26)
under the action of a horizontal conponent force,; said first and fourth
central supporting neans conprises pads (7, 27). 5. The rolling -mll
as claimed in claimli, erei.n said frane.(10).is;an  ntegral castin
frame, or is aéghg]ﬁe‘?ﬂ)lm&m' ?@dﬂﬁlm@ﬁl‘iﬁégﬁngcwwaﬁt%ﬂ@gggc chas
wel ding, with a window fornedq in_its outer wall. . .

18 the owermest layer af said rollssystemseare supperting ralkef3i 4, 23 anged
at the outernost |ayer of said roll systens are supporting rolls (3, 4,
23, 24), tBd)sthposupporting rolds eatienin Hief formonfza madii-seation beasam

generally with nore than two sections. 7. The rolling mll as clained
in claim dewr@aﬂyrwﬁhj motei thamgtweasections.i s hydraulic or electric driving
means. 8. The rolling mll as clained in claim4, wherein said pads

g 3|’opir t 55 27, "B9Therllingt piifl a9 edsiredvindethian 2, hwheremesaid dereving |
means (9) is hydraulic or electric driving means.
8. The rolling mill as claimed in claim 4, wherein said pads (5,
7, 25, 27, 29) are protuberances provided on the frame or the roll

supports.
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Abstract of the Disclosure

A rolling mill with high precision in which its rolls are
automatically supported in two dimensions at their mid-portions for
controlling their flexures, comprising a housing, cluster of rolls and
roll chocks. Said chocks consist of mid-chocks, side chocks which
are horizontally sliceable and middle supporting means there
between. In order to minimize the flexible deflection of the rolls
during rolling, the rolling mill of the present invention is further
provided with a bi-dimensionally mid-supporting automatic system,
which is comprised of the housing, the chocks, a first mid-
supporting means between the mid-chocks and the side chocks, a
second mid-supporting means between the housing and the chocks,
a third mid-supporting means between the housing and the side
chocks. Said mid-supporting means comprise a screwdown means,
horizontal supporting blocks, vertical supporting blocks and
supporting blocks between the mid-chocks and the side-chocks.
With such structure of the rolling mill, the flexible deflection of the
rolls is significantly suppressed, thereby reducing the deviation of

the rolled strips or plates in the cross-sections.
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