Metallurgist, Vol. 48, Nos. 7-8, 2004
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The company Severstal’ completed the successful introduction of new in-line plate-straightening machines (PSMs)
on its 2800 and 5000 mills in August 2003 [1, 2, 3]. The main design features of the machines are as follows:

« each machine is equipped with hydraulic hold-down mechanisms (to improve the dynamics and accuracy of the

machine adjustments and more reliably maintain a constant gap);

 the machines have mechanisms to individually adjust each work roller with the aid of hydraulic cylinders (this

broadens the range of straightening regimes that can be realized by providing a measure of control over the chanc
in the curvature of the plate);

» each work roller is provided with its own adjustable drive (to eliminate rigid kinematic constraints between the

spindles);

* the system of rollers of the PSM is enclosed in cassettes (to facilitate repairs and reduce roller replacement costs

* the PSM has a system that can be used to adjust the machine from a nine-roller straightening scheme to a five

roller scheme in which the distance between the rollers is doubled (this is done to widen the range of plate thick-
nesses that the machine can accomodate).

Thus, the new straightening machine is a sophisticated multi-function system of mechanisms that includes a wide
range of hydraulically and electrically driven components controlled by digital and analog signals. The entire complex of
PSM mechanisms can be divided into two functional groups: the main group, which includes the mechanisms that partici-
pate directly in the straightening operation (the hold-down mechanisms, the mechanisms that individually adjust the rollers
the mechanisms that adjust the components for different straightening regimes, the mechanism that moves the top roller
the feeder, and the main drive); the auxiliary group (which includes the cassette replacement mechanism, the spindle-loc}
ing mechanism, and the equipment that cools the system of rollers). Although the PSM has a large number of mechanism
the use of modern hydraulic and electric drives has made it possible to almost completely automate the main and auxiliar
operations performed on the PSM and the units that operate with it.

Described below are the features and the automatic control systems for the most important mechanisms of the plate
straightening machine. The operating regimes of those mechanisms are also discussed.

The hydraulic hold-down mechanisms (HHMs) of the sheet-straightening machine function in two main regimes:
the adjustment regime; the regime in which the specified positions are maintained. There are certain requirements for th
control system and certain efficiency criteria for each regime.

In the adjustment regime, the control system for the hydraulic hold-down mechanisms must do the following:

« synchronize the movements of the hydraulic cylinders and keep the angular deeflection within prescribed limits;

* maximize speed in adjusting the machine for a new plate size;

* maintain a high degree of accuracy in positioning the mechanisms;

Novokramatorsk Machine Plant AO. Translated from Metallurg, No. 8, pp. 51-56, August, 2004.
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Fig. 1. Blodk diagram of the contl system of the ydraulic g/linder.

The contol system has thelowing requirrments Waen opegting in the maintenancegime:

« stabilize the coadinates of the top cassette and the tolper of the £eder with a high dpee of accuagy;

» minimize the time needed tetum the equipment to the gscibed coodinaes when deiations occur (sut as

due to thedrce eerted ly a plde being stightened).

Need 6r syndironizaion. Expeiience in opeating the plae-staightening mdgine in plde shop No. 3tsSeverstal’
has shan tha the most ppblemdic factor in adjusting the mhme is the nonniformity of the brces @plied to the kidraulic
cylinders. This noruniformity is due to the asymmaétrdistibution of the masses of the miog pats of the PSM (in par
ticular, the efect of the wight of the spindle asselyh. Displacement of théhydraulic zro point” relaive to the'electri-
cal zro point”in the sevo valves is also a conhuting factor” The later reason is mar signifcant,the smaller thealume
of the tydraulic ¢/linder. Thus,the HHM of the topaller of the £eder is the most sensdito dift of the zro point.

Ther ae also otherdctors tha affect the gnamism,simultaneousnessnd synbronism of the opetion of the
hold-dovn medanisms:

« differentigion of the fictional forces on pds of the lydraulic ¢/linders due to diferent combinéons of deia-

tions in the dimensions of the ted pats, despite the naow tolerances;

« differences in théspringing” chamacteistics and the indicesaracteizing the inetia of the lydraulic suppy chan

nels (due to dierences in the lengths of the pipes leadimgrfithe sero valves to the fdraulic g/linders).

Thus,since the PSM is not equipped withvides to mebanicallyy syndironize the opeation of the glinders, the
transmission of signals of the same amplitude to the inputs of tlewsdves ineitably results in a speed drence thacan
seiously damae the mebanisms.

To minimize and eliminge the effects of the bove-mentioneddctors, we developed an algrithm for electical syn
chronizaion of the hold-dawn mehanisms.

The HHM of the top casseteomposed ofdur hold-devn ¢ylinders and éur balancingginders,is designed to ensair
mobile adjustment of the miaioe to set theequited siz of staightening gp (in accodance with the thimess of the pte) and
maintain thagap with a speciéd accuag in the pesence andbsence of a load on the housingsiirthe staightening érce
The tydraulic system of the hold-don medanism is designed in dua way tha only one diamber of the ydraulic ¢/linders
is used as theavking chamber The secondiamber is alays connected to the disaige dhannel. The top cassette isiered
when the balancingfces ae overcome ly the hold-davn ¢ylinders. The cassette isised on} by the action of the balancing
cylinders. This arangement has made it posktio eliminde gaps in the positioning of the equipment.

" The hydraulic zro point is the position thahe slide alve occupies Wen it cwers the deliery and disbarge mains. The
electical zero point is the contd signal tha should mee the \alve to the rdraulic zro point. These points should ide
ally coincide but in actual sem valves with z2ro0 overap thee is alvays a cetain amount of displacement thasults in
leakage of the lydraulic fluid.
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The HHM of the topaller of the Eeder consists of mhydraulic g/linders. Hydaulic fluid is fed into the pluner
chamber wen the oller is to be lavered and iséd into the od chamber vhen it is to beaised

Control Principles. Individual circuits hae been pvided (Hg. 1) to contol the tydraulic ¢/linders of the hold-
down medianisms.The contol signal K,) sent to the input of the servalve is ormed ly a popottional-integral (PI) con
troller (to impove the sensitity of the systemwe chose to usealves with“zero” overdap). The signal sent to the input of
the contoller (the eror signalX,) is formed as the diérence betwen the contl-point signal br position é(cpt) and the
feedbak signal ;). The later signal is eceved from the linear displacemenage (G) of the gven tydraulic g/linder.

The gages of the HHM dr the top cassettealuilt into the balancingydraulic gylinders (HCs). The g/linders ae
installed in suk a way tha their movements can be consi@erto be equal to the displacements of theesponding ylin-
der ods,with allowance 6r cetain coeficients. The gages in the HHM 6ér the top oller of the £eder a& incoporated
directly into the hold-dan gylinders.

The intgral pat of the contoller is actvated ony during the fnal adjustment sge and dung stailization of the
prescibed coodinae. When the displacementgaed a ceain thieshold alug the functions of the PI comiter ale talen
over by a popottional (P) contoller with the tanser functionW(s) = k. Thus, X (t) = kXg,(t).

When thee ae signifcant diferences betwen the displacements of thenking rollers, the diference (eror)
between the contil point and thededbak signal fom the linear displacemenége reades walues gea enough so tha
the output signal hich contols the opeation of the sero valve reahes the daration zone In this casgfurther regu-
lation of the displacementtie and thus synbronizéaion of the m@ements of theydinders becomes imposdias long
as the enor exceeds the alue @ which X, is greaer than the boundgrvalue or the sturation zone K). The limit
ing eror — the lagest eror for which X, does not ead saduration — is irversely propottional to the gin of the con
troller ki X < X 4/k.

Solving the gven poblem by deceasingk leads to a loss of speed in the adjustment of the PSM andeasdecr
in contiol accuag duling the staightening opettion. Thus,to kegp the contol signal flom readhing the sturation zone
when thee ae substantial displacementke system @as designed so théhe input of the conttler is fed not the actual
required \alue Q(rq) but an incement AX) of a m@nitude suh tha the conditiorkAX < X is sdisfied. The contol point
is increased ® the amount\X after the position of theytinder has beenhanged by the amount coesponding to the iner
ment h&ing the lagest la reldive to the glinder’s direction of motion. The adjustment of the cootrpoint is contimed
until the diference betwen the equired \alue and the actual position of the aagism becomes less than the é@ment:
Xiq— Xi.p < OX.

Then the input of the comtiter is fed the @alue X, which is equal to theequired adjustment:X. = X. The
adjustment is thus completed

Use of the pnciple of a stpped incease in the cortl point males it possile syntironize the meements of the
cylinders and set the comirpoint with a high dgree of accuacy for almost ay ideal epetition factor

Mechanisms br Individual Adjustment of the Working Rollers. The plde-staightening maaine is designed so
that eat working roller can be meed \ettically, which is done fp means of aydraulic g/linder acting in concémith aV-belt
drive. The glinders ae supplied with paer from sevo valves opegted with popottional contol. A linear displacementage
is kuilt into ead ¢ylinder to obtain adedbak signal on the position of theller. Since theseages ae actualy transmiting
information on the position of theyinder rods ether than the wrking rollers themselgs,the Pllowing corversion is perbrmed
to obtain theollers’ coodinaes:

XroI = kredxf.b’

wherek,.qis the gar etio of the dive; X; , is the position of theytinder rod measued by the linear displacemeniains
duces.

Thus,a position éedbak circuit is piovided to contol the position of edtworking roller. Figure 1 pesents a dia
gram of one of the aiwuits.

The contol signals a@ geneeted by means of the PI comtitere, which has made it posséto adieve a high dgree
of accuncy in adjusting the system without siiming speed
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The indvidual drive of the ollers. The dove-desdbed design is based on the use ofittlial ac dives with motos
of different pavers fed from frequeng corverters. Eab individual dive ofers the bllowing adrantages ower a goup dive:

* greder reliability thanks to the lasence of aditional loads on the components of the heedsms due to dir-
ences beteen the linearelocities of the wrking rollers and the speed of the @a

« the possibility thathe mabine could contine to opeate if one or gen s&eral dives malfunction; in this case
the corespondingallers would be emoved from the staightening mne;

« the possibility thathe linear elocities of the allers could be indiidually corected in accatance with the actual
speed of the pta; sut a corection could be made either as alppninaly measue (on the basis of measdarand
calculded walues) or dung the staightening opettion (on the basis of the @aobtained fwm the fequeng con
verters, which emply atificial intelligence).

The main dive of the staightening malgine iotates nine stightening ollers and tvo housing ollers. This diive
must be high} reliable in opestion, since the dct tha the PSM is installed in the mill line meansttsaele production
losses can be inawd if the dive fails to work propety even for a shar peiiod of time

The equiements thamust be stsfied by the dive ae detemined ly the opegtional and designeitures of the
madine as a \wole:

« the plde being stightened rast cede a igid kinemadic coupling between the saightening ollers, the ollers of
the housingand the adjacent sections of tieflar corveyors;

« the pldae should undgo elongtion duting the staightening opetion as a esult of plastic defrmation, with the
increments in length being @&rent on eale working roller due to the digrentigion of the bendingadii; this sit
uation leads to a namiform increase in the speed of the telas it moes tavard the end of the PSM;

* it must be possik to use wrking rollers of diferent diametes (this being dondor example due to nooniform
wear or egrinding);

« the loads on theotlers should be dierentiged in accadance with thelwosen stightening egime;

* reverse staightening should be poskb

In light of the dove factos and the actual opating regimes of the plge-staightening maine being discussed
here, the following requirements can be estshed br the elecic drive:

* regulation of speed within lwad limits,including statup of the motas under load;

* opegtion in the everse egime;

» a ligid chamcteistic w = f(M);

* high dgree of accuagy in maintaining the @scibed speed,;

« fully syndironous opaeation.

The element basé he dive of the ollers was huilt with the use of asyintonous thee-phase moteraving a shot-
circuit rotor. The motos were designed yothe Geman compay VEM. They can contime to function under sere over-
loads and & reliable in opestion.

The motos ae contolled by SIMOVERT frequeng cornverters made  the Geman frm Siemens.Their modular
design &cilitates maintenance andpair, and the pesence of auilt-in microprocessor lmck males it possite to execute
most of the functions ulved in contolling the opestion of the dive (maintain the @scibed speed with a high dese of
stability, recalculae the fequeng of rotaion in accodance with the actual diamesesf the ollers, diagnose the condition
of the dive, contol the dive’s opesation, and echang informaion on the PRFIBUS netvork).

Motors of different pavers ae used in the system because of thiestihtiged distibution of the moments beeen
the working rollers. Using diferent motos has made it possibto signifcantly reduce the cost of the elactl equipment
and impove the perfrmance baracterstics of the magine as a Wwole

The madbine has thee main opeting regimes: the working regime (semi-autont& and automiic), the tanspot
regime, and the cassetteplacementegime.

Figure 2 shavs a Bock diagram of the opettions connected witheglizdion of the working regime. In the semi-
automaic variant of this egime, the opeator contols the PSM fom a contol panel. In this cas¢he opeator can do the
following: choose the séiightening egime from a déabase; caect the bosen egime; adjust theagime mamally, which
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Fig. 2. Blod diagram of the wrking regime of the PSM.

requires tha the opeator indicae the desed position of the bottom cassetter(five- or nine-oll straightening); adjust the
gap between the top and bottom cassettes; set thediowmbes br individual adjustment of the avking rollers; doose the
straightening speed and dation; gneste a command to b adjusting the madtne to the spediéd regime.

The madine is adjusted to thénosen egime automécally. After the adjustment is completea signal is sent to
the contol panel indicéing tha the coodinates of the metanisms hee been bangd and thathe ollers have reathed their
prescibed working speeds.

In the automtic variant of the vorking regime, the plde-staigthening malgine is adjusted on the basis ofalaent
through a dta netvork from a higheflevel system.These dta indude the bllowing information:

« the thikness of the pte being stiightened;

« the goup of steels (irdfrmation on the popeties of the meernal);

« the tempeature of the plée & the inlet to the PSM.

The PSM is adjusted insaal staes:

« preliminaty adjustment based on the fgldhikness and steefgup,for cold-iolled plaes ¢ = 20°C);

« further adjustment on the basis otalabtained fom a yrometer installedaughly 50 m flom the PSM;

« final adjustment on the basis oftd@btained fom a fyrometer installedtahe entance to the mdine

In the automtic variant, contol over the oller corveyors adjacent to the mhine is svitched wer to the contil
system of the PSM as thextelate gproadies the matne In this casgthe plde cannot enter theasking zone of the
madine until the adjustment is completed

If it is necessar to pass a pta thiough the magine without staightening itthe madine is dianged over to the
transpot regime. In this casgthe top cossam and the cassetteeaelevated a pescibed amount and the speed of thiers
is changed so thait is equal to the speed of the adjacerier corveyors.

The cassetteeplacementegime is used in thevent of beakaye of a pller or when it is necessgito regrind the
working and bakup rollers. In this casehe opeator can conwl the opegtion of the auxiliay medanisms: the spindle-
locking medanism the oll-out cat, the mebanism thalocks the bottom cassette and thet @Gaposition,and the kdraulic
cylinder tha moves the car

The mebanisms & fixed in position § means of noncontactmsduces.

PSM Control System. Contol of the plae-staightening maltine required the deelopment of a peerful, high-
cgpacity system thtecould povide the des&d contol accuacgy in combindion with rapid opeetion.
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Fig. 3. Network stucture of the PSM contl system.

The contol system thewas ceded is dvided into two levels: the base Mel, and an upper \e@l. The dignostic
system vas ceded as a gmmte system.A second contiller was also mvided to contol the pump stion of the PSM.

The base leel of the coninl system emplgs a SIMATIC S7 industial programmadle contoller, while the upper
level and the dignostic system ere kuilt on the basis of standhcomputes. The computer useaf the uppetevel system
also seves as the cortl panel br the PSM.

The diferent elements of the contrsystem ag linked by two loops of a PRFIBUS netvork (Fig. 3). The frst
loop functions as the commicaions link betveen the contiler, the uppeflevel computerthe dignostics stéon, and the
pump-stéion contoller. The second loop links the PSM caniter with the functional elements of the system (tlegdien
cy converters, linear displacementages,and emote input/output module).

The functions of the cordt system vere divided betveen the basevel and the upper Vel on the basis of thelf
lowing piinciple: the base kel was assigned all of the ojions tha involve receving daa from the sensarinstalled on
the mebanismspbtaining inbrmation from the autom&d pocess contil system on the pla being stightenedand gn
erating and tansmitting conwl signals br the eecutve metanisms (actuars); the upper kel was assigned the functions
of archiving the contol points and monitang the opestion of the contol panel.

The fllowing speciic functions ag perbrmed ly the base kel of the automi@on system:

« obtaining the assigned aightening paametes (roller speedsthe coodinaes of the top @ssam, and the coor

dinates of the ollers relaive to the cossam) from the uppeftevel system;

« processing the pametes and sending coesponding contl signals to the acttars;

* obtaining inbrmation from the sensarinstalled on the mbanisms to deterine whether or not the PSM isqy-

ey set andead for the staightening opetion;

« obtaining inbrmation from the edbak transduces installed on the mbanisms to calcuta the conwl actions;

* anajzing the eadings of the sensoto detemine the accucy of the daa;
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TABLE 1. Speciications of the Plee-Stiaightening Mahines

Type of mabine
Parameter

LPM 2800 LPM 5000
Plae thiknessmm 7-60 10-100
Width, mm 1500-2700 | 1500-4800
Length,mm from 5000 from 8000
Maximum yield point of the pke maerial, MPa <850 <1250
Straightening speean/sec 0.3-0.6 0.2-0.6
Straightening érce, MN 30.0 50.0
Residual cwature of plae after staightening <3.0 <3.0
(throughout the thikness ange), mm/m

» exchangng dda with the pump-ttery staion (PBS) of the PSM andamsmitting the st&éon’s opeating paame

ters to the uppelevel system dr disply;

* recevving signals fom the uppetevel system ér mamnual contol of the mabine and the PBS;

« obtaining initial déa from the uppetevel system dér automéc comrection and ginsmission of the dain oder to

male the @propriate adjustments.

The functions of the uppéevel autom#éion system & as bllows:

* enteing daa on the saightening egimes br subsequent selection of tlegime and ecoding tha information in

a ddabase;

» marually choosing the stiightening egime from the déabase or the coresponding plee (this is doneYthe oper

ator);

 automaically choosing the s&ightening egime from the déabase on the basis of armation obtained fom the

upperlevel system;

» marually contwolling the mabine in the stiightening and cassetteptacementegimes;

« indicaing the positions of the mikeanisms based opadings fom the senssrand the positions of the limitviéches;

« indicaing the pesence of a pta in the varking zone of the PSM;

« indicaing the tempeature of the plée measiwed by the yrometer;

« visually representing the stightening egimes and mdune adjustments;

« visually representing the sta of the makine’s metianisms and the PB8rfdiagnostic puposes.

Remote input-output module ET200 is used to supplver to the uregulated dives. The cdinet containing the
relays and contactof these dwes is locéed a consideble distance fom the conller. Use of the module has made itpos
sible to signifcantly shoten the connecting bkes.

Diagnostic System.The heay concentation of electical and lydraulic equipment inaded as parof the PSM —
equipment wich is locded an apreciable distance fom the makine itself and is often in haito-read places — mads it
more difficult to sevice the mahine and loce the sowe of ppblems. To facilitate maintenance of the PSM and shor
repair time it was necessgro kuild an adanced dignostic system.

The system is based on an indiastcomputer installedtahe contol post. It dignoses the sta of various meb-
anisms of the PSMas well as its lydraulic and electcal equipment.The system can be used t@lkige the condition of
the autom#c switches,the tempeature sens@ of the motaos, the linear displacementages, terminals of the local
PROFIBUS netvork, the curents,speedsand diection of ptation of the motos, and other equipment and paretes.

The diggnostic system can also be used tobfistathe opegting protocol of the PSM. Its ahives contains da
on the time and types ofrers and equipmengflures tha occur the coodinaes of the medtanismsmotor curents and
speedsand other inbrmation.
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To male the contl system mae reliable, the software and hadware of the dignostics stéon ae identical to the
comesponding components of the cahsystems upper lgel. When ppoblems occur with the opation of the contol com
putet the PSM contl functions can be ansered to the computer of the diaostic system.

Condusions. The NKMZ has werked with its oiginal patners in the Commonealth of Indpendent Stas (CIS)
to successfuyl introduce plée-staightening magines equipped with a moderutomsed contol system. Use of the
madines maks it possile to minimiz and almost completekliminae the dpendence of the quality of thimished plées
on the skill of the madne opeator.

The contol system together with its comenient user integfce allows even pesonnel with no specialaming to
quickly master the opetion of the mahine

The poduction of high-quality prducts is assed as aesult of the gact mavements of the méine’'s medianisms
and the accay with which their positions @& maintainegwhich owes to the use of pcision equipment with ppottional
contwol and special corit algorithms.

In addition, the madine is equipped with a sophistied dignostic system tich also ecods its ley opegting
parametes. The aailability of the systemdcilitates maintenance andpair of the makine’s mary complex components.
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