zs - o
3 o
of° SO =
—-f o for
- SEQ =
< ..0.06 "
axlZ — nCAoll M
wi o Q o o N
w o~ — DT > .M..M
“fo v = = °
G =90F e
o dR - D N o
<! —- c OA_ .m.ﬂ
zl < O T - -
= Q = e N
- o
" o = §c 8 >
<| [ O N
- - Cn"s ’ o
o b & F 8 o
) & <
wil < de o
— (o )} N
zf - e A B
—-g0 =

1969

WARSZAWA




INTERNATIONAL FEDERATION OF AUTOMATIC CONTROL

" lron and Steel
Metal Rolling

TECHNICAL SESSION No 32

FOURTH CONGRESS OF THE INTERNATIONAL
FEDERATION OF AUTOMATIC CONTROL
WARSZAWA 16 — 21 JUNE 1969

Organized by
Naczelna Organizacja Techniczna w Polsce



Paper

No

32.1 SU
322 S
32:3 * ]
32.4 ]
32.5 PL

. v

P v vy

, Eio?ymﬂokus Biblioteka

\Z, &£ Politechniki Biatostockiej
X s

= i

Contents

Page

M. D.Klimowitsky, S.S.Kozhinsky, R.V,Lyambach,
V.V.Naumchenko, A,B.Chelustkin - Digital Slob
Tracking and Production Logging System for Conti-
nirous Hot=Strip ML 5 Jhn i e or R e e Lo ava e

D.].Fapiano, E.Uhlen - Automatic Plate Rolling
at Oxelosunds Jarnvelk. §...4 sodkiseesoasosesesonse

A ,Nara, H.Kitanosono, T.Isahaya - Computer Con-
trol of the Coiling Temperature in Hot Strip Mill-
-Control System of Distributed Prccesses by Dy-
nAMICtS HIMATOR . (ISiARoios o ofd's mistolslaleiaislalele s o oo 5 ols oo

T.Arimura, M,Kamata, M,Saito - An  Analysis
Intc the Dynamic Behaviour of Tandem Cold Mills
by a Digital Computer and its Application........

J.Bromirski, ]J.Potrz - The Optimization of Cut-
ting Process in Case of Uncomplete Information
AbBQUE PrOCesS. . oo ollcismsivissisjolsiaraiss sislois s e s o e oles

Wydawnictwa Czasopism Technicznych NOT - Polska

Zaklad Poligraficzny WCT NOT. Zam. 131/69.

(O8]

19

42

(9]}
~l



8

IINGPOBASI CHCTEMA CJEXEHUS 3A CJIABAMU U
VUETA PYJOHEEOX NPOILYKUVM HA HENPEPHBHOM
CTAHE TOPAYEH NIPOKATKH

M. L. KnmsoBEnkEf, CeC. KoxmHCKZE, P.B. JaMbex,

td
t

«B. HayMueHKO, A.E. YeIOCTKHH

BEVIlAuepmeT, HHCTHTYT &BTOMATEKE X TeJeMEeXaEKKK

liockeea, CCCP

’

llopumeEre Tpe6OBaHUE K KauecTBy IOpPAYEKATEHEOTO JH-
¢T2, SHEUUTEeJbHOE YBEeJHUEHNEe NPONIBOJETENIBHOCTHE CTAHOB
OpUBEIE X HEOOXOZKMOCTEZ aBTOMATHZANHM BCEr0 TEeXHOJIOrHYe-
CKOr0 Inpolnecca Ha DEPOKONOJOCHEHX HEOPePHBHHX CTE&HAX TOps=-
ye# OPOKATKK C NPHMEHEHEEM YNPaBISNNHUX BHUZCIKTEIBHHX Ma-
muHE /YBm/i’z’s.

CzZcTeMH yOpaBleHEA HENPEepPHBHHM MHPOKONOJOCHHM CTa=-
EOM ropsuYell DPOKATKM IOIXHH pacmojararb EHpopManme# o mMe-
CTONOIOXEHNE CcIHZ60B Ha Bcell TexXHoaxoruueckoi IEHEE cTaEa,
PemeHze 3TO¥ zajauZ MoxeT OHTE OCYymMEeCTBIEHO cHcTeMoff ap-
TOME&TVUECKOr0 CIEXeHHS 32 IOPOILBUNEHHEM cIAGO0B Ha cTane.
CrcTeMa CJIeXeHHZ, ONpelelHs MECTONOJIOXEeHKe Kaxjioro cigba,
BuI2eT HEeOOXOIKMHE JIaHHHEe B CHCTEMH IHCTAaHINHOHEOR nepe-
CTPOIKE CTaHa, PEerylIVpOBaHHA TOJMHUHH IOOJOCH, PeryJIHpoBa-
HHZ TENIOEBOI'o pexmMa nevel, yueTa DPYJOHHOH NPOIZYKIUEK K
Telley LIS HODM2JBHOTO (QYHKIEOEKDOBEHMS KOTODHX TpebGynTCH
CBEIEHUS O PACHOJOXeHHE cafZ60B Kak B IPOCTPaHCTBE, TaK ¥

BO BPEMEEH.
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1. CucreMa clexeHHd 3a cirabamu

PaccMoTpuBaeMas CHCTEM& CIEXeHHA 34 caafaMy H yue-
T2 DYyJAOHHOX HNPOILYXNHE OTHOCHTCA K HENDPEPHBHOMYy MHUDOKONO-
JIOocHOMYy cTaHy "1700" ropsue# npokaTku KaparaHZHHCKOTO MeT-
3aBoza .

QyHKIHOHaNIbHAA CXeMa CHCTEMH NOKas3aHa Ha DPHC.1l.

\

Ha TexHOIZIOrMuecKO# IHMHHE CTaHa OJHOBPEeMEHHO HAXOZWUTCH
ox0a0 40C ciafoB, OTHOCANMXCA NpPUMepPEO K 70 mapTuaM,. [lox nap-

THell MOHHMaeTCA rpynna cI4A60B OLHOR NIaaKkW, HaualbHHEe reoMe-

TpHYECKHEe pasMepH KOTOPHX ¥ 3aJ8HHOE CedYeHMe NPpOKaTaEHO# momo-

.

CH OZHMHaKOBH. [[epexoZ OT OPOKATKH OJHO{ mapTHX K Jpyroid rpeby-

P

e

=]

IepecTpPOiKH TEXHOIOTHYECKUX arperaros.

Ha ODpefeJeHEH# NpOMEXyTOK BpeMeHX / Ha 3-4 uwaca/ mporpam-
Ma pafoTH CTaHa. B OPOrpaMMy BBOJHTCA CleAybmas HHPOpMa-
nusy- HOMepa NapTHM, 3aKasa ¥ NIaBKA; Mapka CTai¥ # gaxTu-
4YeCKH# XEMCOCTaB; reOMeTpHUECKHe pasMepH ¥ Bec ciaba, 3a-
I2HHOE CeUYeHHEe NONOCH; KOJHYECTBO CIZGOB B NapTHH; OTIH-
unTeNbHu# NpH3HaAK cag6a / "KOPOTKEAY mam "IIHHEME", rops=-
yui HJAXM XOXOXHHHE/. HCXOLHad NporpaMMa NOATOTABIUBAETCA Ha
nepdorRapTax B NJIAHOBO-pacHOpeZelETeNBHOM 6HPO INexXa ¥ 3aTeM
nepejaeTcda AJ& BBOZa B YBM.

BBox HOBO# HexozHO# mporpamMuu 3 YBM NPOM3BOZHTCA B
TOT MOMEHT, KOrZa OCTaHeTCA OJAHa NapTHA mpejuzyme# Hexox-
#0# nmporpaMmi. ECIH HOBag néxonnaa nporpaMmMa CBOEBDEMEHHO
HEe IOJATOTOBRJIEH2, TO 006 STOM CHIHAIM3MDYeTCA CTapueMy Iocal-
YHKY, & Ha NOCTH 3arpyskKy NOCTymaeT CUTHAJX 3anpeTa Ha Jalb-
Heimy®» 2arpysKy ca260B B DEeYd ITOCNEe OKOHUYZHEA 3arpy3kK® IOOoC-

zesxeil mapTUM NpeiNAymeZ mporpaMMi.
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SapaHee COCTaBJEHHAS KCXOJHES NpOTpaMMa MOoxeT Unt
HapyrmeHa B CBA3Y C K3MEHEEWEM Dex¥Ma paboTH CIACHHTE X
T.N0. B 3TOM cIyuae cTapmui HOCaZYUK CO CBOEr0 NYyXBTE BHC-
CHT KzMEHEeHNEe B IPOTpPaMMy HOJau¥ cla60B H& 3ATrDYy30UEHY
poIBraur. [IOCKOIBKYy O BHOBR HOCTynawme# mIaske XK 2TOMY
MOMEHTY BpPEMEHZ He OYyAyT HU3BECTHH BCe €€ JaHHHEe, TO CT&D-
mz# DOCAJYMK yKasHBaeT IMED HOMED IUIaBKH ¥ KOJHYEeCTBO
cis6oB B He#l, a VBl npHcBauBaeT e# BHYTDHCHCTEMEH# HOMED
napTHE. BBOJ Xe OCTAIBLHEX AAHHHX 5TOH NIaBKu B galbEefmem
ocymecTBISETCHA ¢ DIOCTa OmepaTrope ?ﬁm.

Ing cIexeHHS 32 METaXJOM JIMHHA cTaHa JeJHTCH Ha
pPaX 30H: 3arpy3OuHmil DOIBraHl, NeuH, NpUeMENH pORBraHr,
KaxfH# pPOJBranl Mexjy YepPHOBHMHM KJIETEME, NODPOMEeXYTOuUHHH
POLBraHry, POIBTail¥ MexJy YHCTOBHMH KJeTAMH, OTBOZEmMHUi

POABranr, MOTEIKE E yY&CTOK OT MOT2JIOK X0 NOBODOTHOrO
crona / pEc.2/.

CaexeHye 32 KaxJuM cIa60M HAUHHAETCH C MOMEHT& IO~
CTYLIEHHNA ero Ea 3arpysouHH# poabprasr. 3areM ompejexseT-
¢cA EOMEp IleYH, B KOTOPYHD 3arpyxeH cig6 ¥ jalee OCYymecCTB-
IfSeTCH CIexeHHe 32 cIZ60M IO Mepe NPOLBHUXEHHS ero uepes
neub, Ha OPYEeMHOM DOIBraETe, Ha yYacTKax UYepHOBOH H uH=-
crosofi rpynn kKierei BIOIOTH XO DOBOPOTHOTO CTOI&.

Jng TOro UTOOH COKDPaTHTh BpeMd nepecTpofikE cramsa
OpZ ODepexoje Ha OPOKETKY HOBOH IapTHH, CHEIHAI B CHCTeMY
IHCTSHDHOXEOH mepecTpCc#ky cTaHa NOCTynaeT NPH NOKEIBHHE
OocreHAM caaboM J2HEOrO 3aKasza KaxIOr0 MeXaHI3M&a, '.l"pe-
6yomero nepecTpoilk¥. B 5TOM caydae MOXEO HauUHEaTh Npo-
KaTKy EOBOTO 32Ka3a L0 IOJHOTO 32BepHNeHME NDPOKETKE Ipe-

INZYDerc I2xasf.
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W

Lid OTASJABHHX TEXHONOTHUECKHX YU2CTKOE COCTaBISHH
aITOpHTMH CJIEXeHAd 3a cagboM. Ha puc. 3 B xaqecrae‘zn-
JPCTPEIKEY NPHBEZEH& OJOK-CXEeMa QITOPHTME CIeEEHHUS 32 CIg-
fOM H& YyYacTKe 3arpys3OdyHOro ponbranra.x/

TIpd COCTABJSHEMH YKa32HHOI'O aATOPUTMHE IPHHATH CIe-
IywEHe YCHAOBEH.

i, B 3aBHCHMOCTHE OT TOr0, HaxOoZdgTcA JH Ha 3arpy-
30YHOM poabraure "gauxumwe" Zxaix "KopoTkze" cisbx, onpe=-
nejeHHue MecT& 3arpyskH ciaf6a NpOH3BOJHTCA HJAHX IO neqau?ﬁ
HJI¥ OO paxaM Rgf.

2. Ha 3arpysouYHOM pOIXbraHre B paloOHe XaxIoili meun
/ Kamzoro pana/ MOXeT HaXOZHTCH JHIb OXZHH "IAUHHHAM
/"xopoTxui"/ caab.

3. B 3aBHCEMOCTX Og HaNpPaBlieHUA BPameHUs pPOIBranra
cas0 MO¥eT me.3MemaThCA KakK B IpAMOM, T2k X B o6paTHOM
HaNpPaBICHUAX .

4, Ecaz caasb OCTaHOBJIEH B paioHe KakOi=-au6o meum
/ 00X OCTaHOBKOH caaGa y neuH OGyIeM NOHHMATh HaXOoxIeHue
cnabe Ha 3arpys3ouYHHX O6pycehax neqn/, TO OH MOxeT OHTH 38-
rpyxeH TOJBKO B 3Ty HeUb.

Ha npuBefeEHOf OIOK-CXEMe NOPUHATH OGO3HAUEHUH:

191 | /1¢n'}'/ -crabaTyBaHEe ANGOTO K3 JAaTUYNKOB NpPOJBH-
ZeHHs ciaf6a IO DPONBTaETy;

1 RPE -cpafaTHBaHle JaTudKa peBepCca DPOIBraxra;

x/éﬂezenze 3a crafaMy Ha y4YacTKaxX 32rpys3OudHOr0 K HpHeM-
HOTO DOJNBTGHTOB ABIAETCH HAHCOISE CIOXHHM, TeKe T IBKO
Ha JaHHHEX YUYaCTKEX BO3MOXHH INepeMemeEHs CIZ60B XKak B

TeX # B O6paTHOM HaNpaBigsHZZX, & TAaKEe H3MEeHe-
0

HavyanbHo! DOCIEZ032aTEeXBHOCTH CIHG6OB.
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Ny, HP (ny HRg) =-caa6 n DapTEE Vi HexozHTCA B paiione
nean P} /paza Rq /;
Nve on(nv; ORT) -c1s6 N niaBkE Vi ; ocranoBien y neqn?j
/ paza R? y R

AnE ONPEJesSHEE NEeDEeMELEeHES CJIZGO0B K&K MeXIy 30HE-

f

¢crara, TaKk ¥ BEYTDE OTICNBHHX 30H, yCTaHEOBISHH pas=

IUUHHE Z2TUZKE. B KauecTBe JATUEKOEB BHODaHH ¢oTOpese, pe-

1

Te 2XTHIBHOrO TOE2 IPORKATHYX IBEraTele#, KOHTAKTODH BKIK-
YeHHE P2IAUYEHX MEX2HE3MOB U T.O. [IE yBEeIKUEHHS HAZEXHO-
CTH CHCTEMH B OEIOM B KaXJOM MecTe, Tje HeOOXOLEMO (QUKCH-
POBa2Th OPOXCxICHHE METa2lJa, YCTaHOBIEHO IO TPH JaTuUHKa,

3 mpouecce paboTH BO3MOXHE CIy4Ya&H, KOTJ8 IO TeM
HIZ UEEM coo6pazeHEsM cia=6 ./ packar/ 6yZeT CHAT C KaKoro-
IE6C TEeXHOIOTHUECKOrO yYacTK2 CTaHa. JCKINYEHHEe 3TOr0 CIs
6a z3 mporpamus padoTH CTaHa npon?Bonnrcs BPY4UEY®, NyTeM
BBOZE CHI'HaJa C OyLbTa COOTBETCTEBYDMEIO !ex;oxorzqecxoro
y4acTKa .

Iposepxa npasuxsxécrn PaboTH CHCTEMH OPOE3BOIHUTCH
Ha y4YaCcTEaX 3&rRy30UHOrO ¥ IPHEMHOIO DOIBTaHT&, T.K. H=
MEeHHO H& 3THX yY4YacTXKax Esubolee BepoOsTeH c6oi B paboTe
CHUCTSMH E3-32 EEBEDHO BEeJEeHENX JaEHEKX. [IpOBEepi2 ODPOU3=—
BOLXTCE OYTEM BBOJX2 DPYUHOI'O CHI'Hala OKOHYaHHA NOJAdYE Ha
3arpy3ousx? ponbrasr / AIX BHZAUH E3 Neue# Ha npreMHu#
poIsrakr/ moclerHero cisba 3akasza. LSCIE JaEHNe YEM H pyu-
HOI'O BBOL2 HE COBIaIanT, TO nojaeTcs cobrsercrnymmzn CH=-
TEaX 0 HeOCXOLHEMOCTEZ IDOBEDKE DaGOTH CHCTEMH.

2. CHeTenMs yueTa DYJOEEHOE DPOZYKIKE

Yuer pyAoEEO# IODPOLYXUIXY DPOK3IBOIETCA CHCTEmOH mo
KOINUYECTEEEHEMM ¥ K8YEeCTBEHHHEM NOKazaTelsM. Bes HeXozHas

EHQOPM2IIESE NOCTYyNE2eT KE CECTEME CIEESHEd 33 casg6aME E OT
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pe3IEYHEX JR&TYHKOB TEXHOXOTrHYECKOro KOHTDOIH, B YACTHOCTE
OT TOAMHEOMEpa X MHPHHOMEDE& NONOCH, H3MepHTele# TeMmepa-
TypPH KOEN& NPOKATKE H CMOTEM NOJOCH, ILIMEH NOXOCH X Beca
pyIOHOB. HekOoTOopad yueTHaZ HHQOpManusg / AaTH, HOMepa OpE-
raziz, 3aKasa, NIaBKZ, XEMCOCTEB CTaIX ¥ Ip./ BHBOZETCE Ha
negard 6e3 OpPeLBapPHTEIBHOH O006paGOTKE. Jpyras HEPODMAnUg
BHBOLHTCA H& OevarTh HNOCIe COoOoTBeTcTByMmEe# 06pabloTKE XaH-
HHX.

B 4YacTHOCTE ONDpejelseTCH TeOopeTHuUecKHE Bec pyIoHa
Gt , Xax nmpousBeleHHe YIeABHOTO Beca craxl‘Y Ha Tpebye-
MyD ¢DEPEEYy ST1 E TOIMEHY he = PaRTHUECKYD JAEEY HOJOCH
(o ;

Gy ? rSthr{Q‘ : /2.1/

¥ OTHONEHHe (AKTHYECKOrOo BeC2 pYIOHa K TEOPeTHUECKOMY
. B9 2.2
. 2.2/

Kpoe TOro, OnpelelfeTCH CyMMapHEas IIKHA H OTHOCH-
TeIbHOE DACHOIOXeHNe y4acTKOB NOIOCH, Ha KOTOPHX Iapa-
MEeTD /Toamnna,‘mnpnng, TeMneparypa KOHINE IPORaTKE
UIE TeMmeparypa CMOTKY/ BHXOAET 3a 3ajaHHHe Npeielx. OT-
cueT napameTrpa OpPOH3BOZETCH uepes Kaxiwe 0,5 M IO CH-
rE2Iy OT H3MEPHTeNR AJEEH HOXOCH. JIS KaxZOro OTCYETAHHO-
ro 3HaueHUA NPOU3IBOZHUTCHE OPOBEpKa BHNOIHEHEHS HepPaBeHCTEA

U min. £ U £ Umar /2.3/
rze: Umay® 7 U mw - maxcuManziHOe E MEEMMAIBHOE XOTyCKa-
eMHe 3HaueHEZ IapamMeTpa;
| - mopsixoBiif HOMEDP OTCueTa.

CosMeCTHOe pPacCMOTPEHHE BHIOIEEMOCTX HEDaBeHCTBa

/2.3/ TpE DDPOR3IEZONBHOM \ EZ NpE U -1 NO3BOXAET BELEIHTH

Te zoMepa OTCUSTOB, IDH KOTODHX 3TO HEDZBEHCTBO HAPYMEHO
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I yRa3aTh IPU3HAK HepyueHHZ / GOXBNEe WM MeHBme zomycka/ .
BEIeJASHHHM HOMEDaM OTCYeTOB NPUCBAMBAETCH NPK3HAK HADYHEeH-
HO# YacTE HepaBeHCTB2.

HanpuMep, €CIX B TOYKe Le /puc.4/ mpomcxozur OT-
KJOHEHNE IapamMeTpa B CTOPOHY OPeBHNEHHA LOMyCKAaeMOro
3HaueHI., Ha Oeyardb HEeOoUXOJLEMO BHBEeCTH " oLt w, B pac-
CMOTPEBaEMOM IpHUMEpe Ha nedarh OyJAeT BHBEIEHO:

0L+ 4;+,0 Mgy “ Lis 0
Biok-cxeMa aaropHTMa KIACCHQHKANHE NOJOCH [OKasaHa Ha
PHC.S.

Ha ocHOBe yxa3aHHO# BHNE HHPOPMAIME CHCTEMa COC-

TaBIZST NACHOPT HA KaxIHi OpOKaTaHHHMA pixon.

Se QVEKUHOHSJBHAA YacTh CHCTEMH CJEeXEeHHS H yueTa

B cucTeMe CIexeENA 3a :faME ¥ yueTa DYJAOHHOH# npo-
IYKIAN JACHOOAb3yeTCA yHHEBEDPCAIbHaA BHUNCIHTEJAbHAA MamMHA
112000 arperarHoi CHCTEMH CDeACTB BHUKCIUTENBEO# TeXHUKHE
/ACBT/. NpuueHeHHne 5TOHY BHUECIHTSIBHOR MANUHH IO3BOXAET
pemaTh He TOABKO 3axaqn‘cxexenna 3a caabaMu X yueTa Dy-
aoHHEOY NPOSYKIME, HO H 32Jaud yNpaBleHHA HarpeBOM ciaboB
B INeYax K MEXaHH3ZMaMH CTAaHA.

B20J NOZHIHOHEHEX CUTH2JO0B CHCTEMH CIEXeHHA NPOHU3=-
BojuTCH uepez ycrTpoiicTea BBOAA ZHUCKPETHOH# HHQODMANHU
/YBIV/ ® panee uepes yCTPOHCTBO CBASK 5TH CHTHAIH HOCTY-
08T B BHUNCILTEJBEYD U2CTh CHCTEMH. BBOJ TEXHOJIOTHUYE-
cxofi mHQOPMAIUH OT ZATUMKOB CHCTEMH YUeTa NPOH3BOLHTCH
wepes MHIUBHIYAJBHHE HODMHDyHIHe NpeobpasoBaTelH. Jig y=-
BEJUUYCHESE HOJIExEOCTH CHCTEMH CICHEHMA BBOJ HHQOpPMaNHH O-
CYLECTBIACTCA NapalJelbHO uepes Zea YBIHl. B BHUHCIHTEAb=

HOf YBCTE CHCTIEeMH HCIOCALIYWNTCH L33 IIpoleccopa - cHneniaill-
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3UpOBaHHNE X yHUBepcalbHuit. Ha cmeumpomeccop, paGoTanmuil
COBMECTHO C JOTHUYecKO# cuCTeMO#i caexeHHA, BO3NOXEHH TOJb-
KO (QYHKNUHA CIeXeHHA H yueTa, & yHHBEDPCAIBHHE IpOLECCOD,
‘HapAly ¢ BHIOIHCHHEM 3THX Xe (QYHKNHIl, HCOOXIB3yEeTCA H JIis
peIeHHs 3a%ad yOpaBleHHH. ,

JyCaupoBaHHe BBOJHHX X (QYHKIHOHAJBHHX YCTDPOHCTB CH-
CTEeMH CIEeXEHHA BH3BAHO NOBHNEHHHMH TpPeGOBAHHAMH K €& Ha-
IeXHOCTH, JeHCTBHTEIBHO HPH OTKA3€ CHCTEMH CJIEXEHHA yTpa-
yuBaeTCA HHPOpMan®a O mporpaMme paGoOTH CTaHa B O6CIyXHBa-
pmeMy IepcoEaly He OyJeT M3BeCTHO Ha KaKHe OKOHUaTeJdbHHE
pasMepH ZOXXeH OHTH IPOKaTaH odepexHo# cxabe. B TO Xe Bpe-
MA BHXOJ H3 CTPOS YHHBEDPCAIBHOr'O Ipoleccopa HIM KaKHX-
IGO0 IPYTHX YCTPOHXCTB CBA3AHHHX JIHMNB C BHIONHEHEEM QyH-
Kou#l ynpaBl€HHS, NPHBEJET JIHNb K HEOOXOXMMOCTH DPYYHOTIO
BBOJZa 38naHHi# B JOKAIBHHE CHCTEMH YUDaBIeHHA, 2 NPOLOI-
XeHFe (YHKONHOHMDOB&HHA CHCTEMH CIeXeHHs H yuera obecme-
YUT BO3MOXHOCTH HODMalbHO# DaGOTH cTaHa.

B CBE3H C TeM, 4YTO O6mEe KOXHUECTBO HHPODMAIHH,
KOTOpad JOAXHa CONPOBOXIATH KaXxIHil NpOKaTHBaeMH# cagl,
BechMa BeIHKO / cyMMapHOe KOJAHYECTBO MHGODMANHHE NO KaX-
LoMy cas6y cocTaBageT okoxo 80 AeCATHIHHX snaxon/, Heno=-
cpeIcTBeHHaA nepejaua Bce#t HMHYOPMANNWM IO CHCTEME CIeXe-
HHA NyTeM CIBHra MacCHBAa HPaKTHUYECKH HemeJecoobpaszHa,

TaKk KaK Takoe pemeHue BreueT za éodoﬁ OueHd» GoxbmMe am-
napaTypHHE 3aTPaTH.

noambuy IO JOUHYEeCKO# cHcTeMe ClIeXeHHd nepejaeTcs
TOJABK0 MHPOpPManus noanbnammas HAEHTUQUOUDPOBATDH ornenskue
cnabH, a OocTalbHas HHOOpPMaNUA, HeOGXOoZHMaA Axk paGoTH

cTaH&, XPaHHUTCA B NaMATH CHENHaIU3HPOBAHHO¥ YEBIl. CIexe-
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HHE 38 IPOXOXJeHHNeM CIH00B N0 TEeXHONOTHYECKOH JIMEHM, BEOZ
B N8NATH HEOOXOAUMOH¥ HHQOPMAINE ¥ BHBOJ MHPOpMan¥E Ha Ta-
610 ocymecTBIAETCA IO YCAOBHEM / BHYTDUCHCTEMHEM/ HOME-
pau napruii. BIOKCXeMa& CHCTeMH, pealusyome#i 5TOT mpuHuun,
IpEBeZeHa HE DPHC.6. CHCTEME CIexeHus paGoraeT crenynomEM
o6pasoM.

[IpE DOCTyNJAeHHE H& BXOJ TEXHOIOruMueckof aunuu /sa-
rpysounuff poxsraEr/<HoBo# NapruE cigZ60B BCH HEOOXOnMMas
HCXOLHas HEfopMenuag O ciagfax H3 6J0Ka aBTOM2THYECKOrC
BBOXa ZamHEX /B1/ /mpE aBTOMATHYECKOM BBOZe/ EIM ¢ myab-
T2 crapmero nocexuEka /I1/ /upm pyusHom mBOge/ BBOZETCH
B CHCTEMY. OLHOBPEMEHHO BTOH napTuR anréuarnuecxn npE-
cparBaeTcHZ ouepezHOH Bnytpncngmeknnﬁ HOMepe. Bca uHpOpPME=-
I¥g BMECTE ¢ IPECBOSHHEM el BHYTDHCHCTEMHHM HOMEDPOM, KO-
TOpEil MrpEeT POIbL 2ipeca, HNOCTYyNaeT .B BHUHMCIHTEILHOE Y-
CTPCHCTBO CHCTEMH yYeTa& M 3&MNOMHHEeTCE B OnepaTHBHO# ma-
uaTE /03Y/, monmyckammel MHOTOKDATHY® BHGODKY. YCIOBHHH
HOMED HapTHH npzcsazsaefca xaxjnoMy caaby JLaEHOH napTum
¥ IpH nocrynﬁennn cngbe Ha 3arpys3O0uYHHE DPOJXBraEr nepeja-
eTcs B ONOK CIexeHHS 3a clabaMu He 3arpysOuyHOM pOIBraH-
re /E2/. BAOK crexeHHZ 38 CIS6AMU HE& 3arpy30UHOM DPOXb-
ragre OCyHeCTRBISeT CIexXeHHE 34 NOJIOEeHHEeM clgba K IpE
nocTynIeHu: cifgba Ha s3arpysouHne Gpychds NeYH COOTBET=-
CTByDOmEE CHrHal BBOJLKHTCA B OpPHEMHHE permcrTp GIOKa cIlexe-
EHg sa cazbamm He yvyacTke neueft /E3/. OLHOBDEMEHHO C HO=
MepoM NapTHH IO CHCTEMe CIeXeHUS nepefaeTcd NPHSHAK Cld-
6a, cocTosmuil Hz Tpex JBOMYHHX DPaspEjOB H HECymHi HHYOD=
ManEp ¢ cauMoM cas6e / ropsvuil, xomozHu#, "KopoTkui",

" raREHEEY /.,
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llpu 3arpyske cisfa B HeYb HOMED ero NHapTHH H Chiely-
pmad ¢ HEM HHQOpDMaOHs BBOIUTCHE B GIOK CIeXeHHA 3a cagba-
ME Ha ydacTke neuefi. [lpy mMoABIEHME Ha BHXOJe mneue# HoBoOH
napTH¥ OPOHCXOAMT OGpameHHe IO HOMepy napruu B 03V cmcre-
MH yueTa ¥ BHBOJ HeOOGXOXHMOX HHPOpMAnud Ha TalAO OYABTOB
omeparopos sarpysk: /I2, 113/, crapmero crapmuka /li4/, o-
nepaTopa uwepHoBo# rpymmu /II5/, omeparopa HoxHun /II6/ X
onmepaTopa YHCTOBOH# rpyrnnu /17/. HoMep BHZ@HHOTO H3 NEYH
casfa nocTynaeT Ha NYyJAbTH ONEPATOPOB 3arpys3KE U cTapmero
cBapmuKa, & TaKkke nepexaeTcA B OGIOK CIexeHMA 3a caabamMu
na npHéMHOM poasraere /E4/ BMecTe ¢ OpPU3HAKOM cisba. Ipu
BHI&Ye K3 NedYM mepBOoro cirafa HOBOI mapTuu B GAOK CIEXCHHSF
3a cagfaMy Ha NPUEMHOM DOJBIaHTe IepefaeTcAd TaKxXe HHGOpPMA-
IHA O KOJHUYECTBEe HaXOIANMHXCA B Ievax cagGOB JaHHOX mapTuu
/ max O KOIWueCTBEe BHIAHHHX M3 mevye# cuia6os/.

B 6I0Ke CaeXeHHR 3a cazbavu Ha OPHEMHOM POJBLraH-
re OPOM3BOJUTCA CIEXEHHE 32 INPOILBUXEHUEM CAAGOB NO npnéu;
HOMYy DOXBIaHTy, yuYeT CHATHX C NPHEMHOTO pPOJNBIaHra CILGOB
¥ yHcna cIg60B HAXOZANMXCA Ha OPUEMHOM POJABLraHTe, NOCIEk-—
Hee IepejaeTcd Ha NYyILT CTAPHEro CBapmuKa. [IpE HDOCTymae-=
HEK NeDPBOTO cia6a HOBO# NapTHE Ha yYacTOK DPOJBTaEra ne-
pel BepTHUKaIBbHOR KIeThi M3 OIOKa CIeXeHHZ 3a cAsb6aMH IO
HOMepYy NapTHE NPOK3BOLHTCA 3ampoc B 03Y CHCTEMH yyeTa H
BHJaua HeOOXOZEMOH KHQOpManuu Ha Ta6lo NMyJIBTOB Oneparo-
POB UEpPHOBOHW I'DYyNNH, HOXHHI H qneTOBOH rpynne. HHQOpMaNEL
0 EOMepe KaxZoro casba OpH NOCTYMJIEHEX ero Ha pOJIBTaHT
nmepel BEPTEKAJBHOHE KIETHH NeperaeTca B GIOK CIEXEHUA 3a
crsfaMid Ha ydacTKe UepHOBOH TpYNIH.

EXCK clexeHHa 3& ciafaMy H& y4YacTKe 4YepHOBOI TIpyn-

T E;’;/’ ofecnevuyBaeT CJHSxXeHHE 3a NPOJBEXEHHeM caAgboB o
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4uepHOBO# rpynne, BHA&YY HE OYILT ONEpaToOpa UepHOBOH
rpynns HHQOPMauME O NOJOXEHHM KaXIOT0 cigfa, & Takxe O-
mpeielseT MeCTONOIOXeHKe pasiela MEeXLy NapTHEME ¥ BHI2Uy
CUTH2JIOB Ha NEPecTPOiXy B COOTBETCTBYDHEE TOUKH CHCTEMH
AECTaHOUOKEO! IepecTpONKE UepPHOBOE IpynnH. BIOK CAEXEHHS
NPOH3BOAUT TaKxe / IO HOMEDPE8M NPOKATHBAEMHX B 4epHOBOH
rpyone napruii/ sanmpoc B 03Y cucTeMu yueTa H BHBOJ HHOOD=-
Manu¥ Ea Tabi0 NyAbTOB ONEPATOPOB YEDHOBOH# IpynnmH, HOE-
HEI E uZCTOBOfl rpynmH, & TaKXe omeparopa MOTamox /N8/.
HoMep XKaxJOr0 BHXOILAmMEro X3 4YepHOBO rpynnu cis6a nepe-
JaeTca B ONOK CIEXeHHA 38 CAACaME H& NPOMEXYTOYHOM DOXB=
raare /B6/.
Biok caexexns 3a cirgbaMi Ha NPOMEXyTOYHOM pPOJLIraH-

_re CIeZHUT 38 OPOXOXJeHHeM CIAGOB uUepe3 HOXHHOH X IO HOpo=-
MEeXyTOYHOMY POJBLIaHTYy E OCYMEeCTBIAET: HCKINUEHHE H3 CHCTE=-
MH CJEXEeHHS CHATHX H& INPOMEXyTOUYHOM pOIBraHre CIAAGOB.
9TOT GNOK N0 HOMEpPy NepBOro cigba NapTHH, DOCTYNHBHErO

Ha DOXBTaHr Nepej UUCTOBHM OK&IMHOIOMATEIeM, NPOH3BOIUT
sanpoc B 03Y cHcTeMH y4YeTa H BHBOJ HMHPOpManuu Ha Tablro
OyAbTOB ONEPaTOPOB YHCTOBOH IPynnH H uoraxoi, a Takxe Ie-
peieeT B CHCTEeMy NepecTpPO#KE wHCTOBOH# rpynnu HOMEp IOCTy-
DapnEX Ha BXOJ YHCTOBOE rpynmH packaTOB ¥ HOMED packara

B NapTHH.

EnOK cJexeHHs 3a cilgbaMM Ha yuacTKe UYHCTOBO# rpynnm

/B7/ cieiuT sa ODPOXOXJEHHEM cClIZ6a uepes UHCTOBY® Tpynmy,
ocymecTRIgeT sampoc B 03Y ¥ BHBOJL HMHPOpMan¥y Ha Tablo ome-
PaTopoOB UYECTOBO¥ TpynOH M MOTAJOK, HCKINYEHHE H3 CHCTEMH
crexeHUs CHATHX B UYHCTOBOH rpynme pacKaTOB ¥ INpPHCBOEHHE

NOPAEIXOBOI0 HOMEPp2 32 CYTKH BHYXOIANMAM H3 uyucTOBO# rpynnu
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molroceM. IIpE BHXOJE NOIOCH H3 UHCTOBO# rpynom B GIOK cle-
XeHEA Ha yuacTEe MOTaloK /B8/ H3 6IOKa CIexeHHS B UMCTOBOHR
rpynnoe nepelaeTca HOMED NapTHH casba, H3 KOTOPOrO OpoKaTaHa
noxoca, HOPAIKOBHE HOMEp ciffa B NAPTHH K NOPAXKOBHNA HOMED
DOIOCH. JTH HOMEpa TaKXe NDHCBAHBANTCA B Xad4eCTBE aIpecos
B cucTeMe yuera Bceil HOIyueHHOHR O JaHHOM cagfe HHPODMAIHH,

BIOK CIexeHHA Ha yYacTKe MOTANOK IO HOMepaM napTHi
4 HOMEpaM CIZ00B B NADPTHH CIEXHT 32 NPOXOXJEeHHEeM NOI0oC
LO MaDKHDOBMHKA&. [iD¥ I, CXOXZEHEE NepBO HOIOCH HOBOH nap=-
TMZ Ha YYaCTOX MOTAJOK IO HOMEDYy HNAapTHM OCYmMEeCTBIZETCSH
BH30B B Q3Y H BHBOJ HHopManuu Ha Tala0 OyiAbTa Oomeparopa
MOT&JOK. [IpE DOCTYILIEHHE HOEepPBOr'0 DyIOHA HA NOBOPOTHHMH
CTOI 0O HOMEpYy HNapTHH M HOMEDYy DYyJIOHa OCYmLeCTBIAETCA BH=-
308 B 03Y ¥ BHBOJ nnwopuannn-ka Tabxo. A3 6aoKa caexecHUA
Ha yuYacTKe MOTaJOK B OXOK CICXEHHA Ha YYACTKe MapKZEDPOBMHU-
ka /B9/ nocTymaeT HOMEp NapTEE, HOMED ciaba B NapTHH X
HOMED DyJaOHAa,

BIOK ClexeHHd YYaCTKa MApPKAPOBMUKA [0 IOJYYEHHHM
HOMepaM ocymecTBIZeT 3anpoc B O03Y ¥ BHBOJHUT HeOOXOLUMY®D
nn@opﬁannm Ha Tabxo /HQ/ B Ha nugppomedarb. OLHOBPEMEHHO
C BHBOLOM HHPOpPMAN KK H2 LHPpOnevark B CHCTEMe ydueTa Npo=-
HCXOZUT cTHpanMe B 03Y Bce#t mupopmanuu, oTHOcamedica K
L2HHOMy DYyJAOHy. [Ip# BHBOJE-Ha LUQPONEYaTh KHQOPMaUXAM O IO-
crezHeM pyloHe mapruu B O3V cTHpaeTcd BCA HEQOPMAINUA OTHO-
camascd K AaHHOH NapTHH CAAGOB.

B cucTeMe HCHOOIB3YNTCA HYEeTHpEe MNevaTapiExca yCTpoi-
cTBa, Ha IBYyX E3 HEX / cKopocTh mevaru - 10 3Haxos/cex/,
pacnoloxeHHHX B pailoHe HarpeBaTeJbHHNX Neved, ¢UKCHPywTCH
sarpyxaeMme ¥ BHILaBaeMue H3 nmeue#f caabu, a Ha IByX JApPYyIux

/

CKODOCTE nevaT: - 400 c'rpox/um. oo 128 3H2KO0B B cTpoxe/
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pacnoaoxeHHHX B NOMEeneHKE YBM, meuarawTcs NACHOPTE PyIOHOE
C yKkazaHueM KX KaUeCTBeHHHX ¥ KOJIHYEeCTBEHHEX XapaKTepHCTHK.
AHQOopManus BHBOZUMAA H2 T&GIO DPA3NUYHHX IOCTOB, &
Takxe HHPOpDMANHA © 3arpyxeHHHX ¥ BHAAHHHX M3 neuel casbex

¥ yueTHasd HMHQODMAaNus O DYJIOHHOE NPOAYKIUE OTDE¥EeHH B Ta-

Gauue.
Tabx0o omepaTropa 3arpysk¥ 34 JeCATHUUYHHX 8 JIBOWMYHEX
Tabao cTapmero mocaguy¥ka 53 JAeCATHUYUHHX 7 XBOMYHHX

Tabao cTapmero ceapmuxka 95 JecaTHUHHX 10 ZBOHYHHX

Ta6a0 Omeparopa uepHOBOP

rpynne 85 A€ CATHYHHX 33 ABOHYHHX

Ta610 OmepaTopa HOXHAN 34 JECATHYHHX 4 JBOMUHEX
Ta6ao omeparopa WHCTO-

BO# rpynou 63 XecATHUHHX 5 XNBOUYHHX

Ta6ao omepaTopa MOTAIOK 623 JZeCcHTHUHHX 5 XIBOHMUYHHX

Ta6aio MapKHpPOBLHEKA 8 JeCcHATHYHHX 8 JZABOHYHHX

[lupponeyars macHOpPTa :
pyJnoHa Oor 168 xo 600 ZEeCATHUYHHX 3Ha=-

KOB B 34BHCHMOCTH OT KauyecTia

pyIoHa

[lupponeuars moeTa CTED-

mero csapmuka / zsa y=-

crpoficrsa/ OKOXO 180 JAECHATHUHHX 3HAKOB Ha
xaxxu#t caad

BupOX HHQOPMANHE, neodxognnoﬂ'Echyxnnammeuy nepco-
Haiy JJf BeJEHMA TEXHOJIOTHUYEeCKOr'o mpomecca, NpOH3BOZHUTCH
Ea T26I0 pPacHOoJOxeHHOe Yy ONepaTOpOB pPasIUYHHX yqacrkoa
crara. Ha 12610 cT2pmero DOocaiuyuka B JecATHuHOH# gopme HH-
IUNUDPYyHTCA HoMepa Tpex Oamxafimux x sarfyaxe IIaBOK ¥ KOIM-

PONBTaHI cIAGOB 3a-

w
iatymstoku £
)/

/

' \\"_r‘. &
\\é\vziﬁﬁi/
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rpyxaeMoi minasxd. [Ipy DOCTYIJIEHHM Ha 3arpy3O0UYHHH pPOABrasr
nocjlesHero ciasba Kaxiod ImIaBKHE Ha TaGl0 NMOSBIAETCH CHTHAI
"Ilposepra® n,egnn CHTHaJ CHCTEMh COBNazaeT ¢ IelicTBHUTEIb-
HEM OKOHYaHHEeM IIaBKH, TO HOCAJUYUX HAKaTHEM KHONKE QUKCH-
pyeT ero COBIaZeHHe.

Iag TOro 4TQOH OGEeCHeuYHTDh BHIAYY BCEX CIZ0O0B LaHHOE
n#aaxx 43 nevedl A NPENOTBPATHTE HECBOEBDPEMEEHYH BHISUY
cra6oB Zpyro#f mriaskH, Ha Ta6l0 OmEpaTopa 3arpyskM HHIMIU-
pyeTcA KOJHUYECTBEHHOE DPacHOJOoxeHHe B neuax casb03 Zanuzof
nIaBK¥ B TeKymMEZ MOMEHT BpPeMEHH., 2TO Xe PaCHOIOxeHHe CId-
603 MEIMOUDYyeTCA K Ha TablO0 cTapmero cmapmuka. Kpome 70—
ro, Ha Tabl0 CcBapmMEKa NOABIZETCA CHTHaa "Ipomepxa" mnpu
BHJaye u3 HDeuell mocierzHero ciagba NIaBXU.

Ha Ta6xo omepaTOpOB UEpPHOBOH ¥ UYHCTOBOH Tpymnm, Hou-
HY E MOTAJOK MHIMOUDYWTCA JZ8HHHE OTHOCHIHNECH K NPOKAaTH-
BaeMoll niIaBKe: 38LaHHOE CeYeHKe NPOKaTHBaeMO# NIoJO0CH, OC-
TaTOK HENDPOKATAHHHX K JRAHHOMY MOMEHTY caafos / HecuoTeH-
HuX Dmoaoc/, Mapka CTald M T.N. JIA BOBMO¥HOCTE HOINTOTOR-
KM K IepecTpoiike cTaHa K NpPOKaTKe ciaenyriell INasky Ha Ta-
610 Takxe HHIHNADYWTCH BCE NaHHNE HEOOXONMuMHEe JJA Nepe-
cTpoflkH cTaHa. B CBA3H C GOABMOE HPOTHEXEHHOCTEN UEPHOEBOIL
rpynne craxa / okoxo 300 M/ Ha Tabio ONEpaTOpa UEpPHOBOH
CPYONH OCYmECTBIAETCH CBETOBAA HUHIAWKAIIUA HOIOCKEHNS Cli=
60B Ha DOABraHrax PTOro yUacTKa CTaHa.

Ha Tal1o MapKEpOBUHLA fyﬂoxoa BHBOZHTCA HOMED pPyJio-
Ha 3a cyrxﬁ ¥ B IJaBKe, HOMED NJIABKHE X JaTa.

Bo Bcex 6aOKax OCYLECTBIAACTCA KOHTPOH: NPEBHIABHOCTH

nepejiaBaeMpX HOMEPDOB II0O MOILYIX ILBZ. KOHT:CS:HTT P
»

OprCB2HBRETCA NPH BBOJE HOMSPp2 MEDTHE B CHCTEMy CACKCHNA.
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B csy CHCTEeME y4Y€T& BCH HEQCPMENHE XPeHHTCS BMECTe C aipe-
com, CpaBHeENe alpeca 32mpoca BHIAHEON MHOOPMEIUME NO3BO-
AgEeT KCHTDPOIEPOBaTh NPaBHIBHOCTH DPaGOTH yCTpOicTBE BBOZE
¥ BHBOI2 HHGODMEIHZ,., JTE ONEDPANHY BHIONHADTCA OJIOKOM KOE-
TpOXs HCIPEBHOCTHE CHCTeMH clexzerma /B10/, xoTopu# B cay-
yae OOH2pYEEEHS OmMHOKE B HHQOPMalHE,nepelaBaeMol B InboM
E3 GZOKOB CIEXeHHS, HOjaeT Ha TA6IC BCeX NOYyILTOB | HIE
OyAIBTOB CBASAHHHX C STHEM GIOKOM/ CHTHed O HEHCINPaBHOCTY

CHCTEMH CJAEXEHHH.
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AUTOMATIC PLATE ROLLING AT OXELOSUNDS
TARNVERK
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Oxelosund, Sweden

Donald J. Fapiano

Drive Systems Operation
General Electric Company
Schenectady, New York, U.S.A.
INTRODUCTION

On March 13, 1968 operating personnel at Oxelosunds Jarnverk's 3650 mm
Plate Mill began production use of a computer directed Process Control System.
This marked the end of a 14 month installation and check-out period and the
beginning of a 3 month period of transition from manual to full automatic
operation.

The preparations for this change and the resulting effects on mill
operations and plate quality are the main subject of these remarks.

THE PLATE MILL AT OXELOSUND

The plate mill in Oxelosund is a 3650 mm wide four-high mill Wi th 925 mm
work rolls and 1550 mm back-up rolls. The main rolls are driven by twin
3100 kw motors, each capable of a maximum torque of 200 ton-meters. The
screwdown is controlled by two 150 kw motors.

Slabs are heated in two pusher furnaces which provide a total heating
capacity of 160-200 ton/hour. Each furnace is designed to handle two rows
of slabs 1700 mm to 3000 mm in length and up to 400 mm in thickness. Illus-
trated in figure 1 are the furnace depilers which accept stacks of slabs
from an overhead crane for charging into the four furnace rows. The heated
slabs pass through a high pressure water descaler on their way to the rolling
mill. :

The layout of the four-high mill is illustrated in figure 2.

Slabs may be turned on either side of the mill by tapered rolls located
between sideguides which open to accommodate a maximum diagonal of 4750 mm.

Finished plates under 40 mm are hot levelled in route to one of the
three cboling beds, which transfer plates up to 30 meters long to the finish-
ing area.
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PURCHASE DECISIONS AND OBJECTIVES

Since the start of Oxelosund's plate mill operations in April 1960,
operating management had been considering mill automation. Some results
and experiences with automated mills were published in the early 60's.
Oxelésunds' first positive action was the appointment, in 1963, of am out-
side consultant charged to investigate and report on what could be auto-
mated and in what form.

The result of that report was a decision to concentrate on the plate
rolling area and, specifically, to investigate further the possibilities
of on-line process computer control. Two main alternatives were considered:
Oxelosunds Jarnverk could form a process control group charged to prepare
detailed specifications and to coordinate the manufacturing and installation
functions; experienced vendors could be invited to propose their versions of
an appropriate turnkey offering. After some evaluation, it was decided that
the second alternative would produce the best result in the shortest time.

Proposals were solicited in 1964 and the balance of that year and
early 1965 were spent in discussions and evaluation of the competitive
offerings.

In parallel with this activity, an Oxelosunds study team visited most
of the hot mills in the U.S. and Europe which had at that time achieved or
attempted any significant degree of automation. Though not always encourag-
ing, the information gained during these visits was very useful in evaluating
the vendors as well as the fuﬂctional alternatives. In spite of the evident
risk, several functions looked economically attractive and prompted a decision
to invest about 1.0-1.5 million dollars in a process control system. It
appeared essential, however, that the supplier guarantee his system's produc-
tion rate and gaﬁge and width control accuracy.

Comparison of the guaranteed performance with the corresponding manual
performance permitted calculation of the economic return. If the guarantees
on gauge and width could be met, slab to plate yield would be raised 1-2%,

- and the investment returned in 2 to 4 years.

But how would production be affected? Lacking useful experience from
other mills, Oxeldsunds' study team was forced to rely on sample rolling
schedules submitted for typical products and on an evaluation of several re-
lated factors. It appeared that process computer control could give higher

production, probably not on a short time basis. Higher production of
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salable plates would be the result of:
- less downtime because of improved treatment of the mechanical
equipment
- fewer rejected plates
- fewer passes on the heavier gauge plates

The final major decision involved the main mill pulpit. Although it
was possible to add the computer related devices to the existing desk
arrangement, a complete redesign of the mill operator's station was chosen
as, by far, the most desirable solution. Installation of the new pulpit,
illustrated in figure 3, thus became a critical point in the hardware
insglllltion phase. Oxeldsunds' staggered vacation system provides only
five days of downtime twice a year, and the installation had to be phased
into one of these periods. The full changeover was successfully completed
without production loss.

SYSTEM DESCRIPTION

The Process Control System employs a GE/PAC 4060 Computer which per-
forms both supervisory and direct control functions. The Central Processor,
peripheral devices, and associated control equipment are grouped in five
locations as illustrated in figure 4. The primary source of slab identities
and processing instructions is punched cards submitted by the furnace opera-
tor during slab charging. Manual corrections to slab dimensions and identi-
~ ties can be made through an Kuxiliary Input Panel in the mill pulpit. 1In
the photograph of the mill opgrator'a station (figure 3) this panel is the
central insert in the left desk. The station is arranged for one man con-
trol of all drives. The display panel at his right (figure 5) indicates
the state of all drives and sensors associated with automatic operation.

The flow of processing information through the system is illustrated
in figure 6. A primary data card is prepared for each slab at the Data
Processing Center. The cards arrive at the furnace pulpit along with the
scheduled slabs. The furnace opem tor submits these cards in groups as the
corresponding slab stack is lowered onto the depiler. A record of slab
identities and dimensions is typed on charging.

Each slab's progress through the designated furnace row is tracked and
displayed on its arrival at the rolling area, at which time all primary data
are typed on the mill operator's typer. Vital process data are added to 4
this log on completion of each plate. Summary information is printed on
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demand and at shift changes on the same typer. Punched tapes duplicate all
typed information and supplement it with greater detail om productivity and
delays.

These data flow back to the Data Processing Center where they serve as
the basis for reporting and changes in providing standards.

Figure 7 lists the major control functions performed by the system.
Width Control

The width control function relies on the initial sideguide measurement
to identify variations from planned slab width. While variations in cast
slab widths are negligible, rolled slab width variations of 20 to 30 milli-
meters are common. Predictive control based on measured 1ncon1ngiuidth is
adequate where table speeds are well matched to the mill and between sectionms,
particularly at the tapered roll turning tables. Slab skewing due to poor
table synchronization reduces the elongation resulting from the planned
reduction. The length gage provides in-process correct ~ of these errors.
Remaining negative errors are caught by the post broadsiae squeeze measure-
ment and corrected if excessive. The entire sequence, including slab turn-
ing, is automatic.
Pattern Control

The pattern, or plan view, of the plate after broadside rolling is
dependent on rolling force level, and on the position of the cross-rolling
phase within the rolling schedule. The force level is calculated to pro-
duce an approximately rectangular pattern after cross-rolling. The operator
notes deviations and informs the control system by coded manual inputs which
adjust the system's choice of force target. The operator may elect, in an
alternative mode, directly to specify the broadside force target. On 4-high
mills pattern is influenced more by the position of the broadside phase than
on force level. In this system, cross-rolling is deferred until further pre-
broadside elongation would exceed the roll face width.
Gage Control

Final plate gage is controlied by proper setting of roll opening to
reflect in-process varjations in temperature and resulting deformation re-
sistance. Variations in mill dimensions resulting from thermal and roll
wear effects are monitored by plate thickness measurements following the
last two forward passes. This feedback is essential where badly worn rolls
may present mill dimension variations exceeding 0.5 millimeters across the

roll face.
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Crown Control

Finished plate profile is established by the finishing roll force
and the effective roll crown. The finishing force is set by the system
to reflect desired plate crown, roll crown, and mill and plate deformation
characteristics. The finished plate is traversed by the plate thickness
gage to provide a crown measurement. Corresponding adjustments are made
in the roll crown data to correct the force target selected for subsequent
plates.

Flatness Control

Plate flatness is controlled by the choice of plate crown relation-
ships during the final rolling passes. Coded flatness observations sub-
mitted by the mill operator are the source of feedback. In response, the
system changes the finishing phase drafting pattern. To illustrate, figure
8 indicates the planned force pattern before and after the operator had
submitted a "center buckle" verdict for one millimeter plate. In this case
two such observations were made by the operator before the condition was
completely corrected.

SYSTEM DESIGN AND SIMULATION

Although the system was functionally specified prior to the transac-
tion's close, additional system definition was required to relate these
functional objectives to specific Oxeldsund operating practices. This,
and the related task of defining the hardware interface with existing con-
trols, was essentially canplege after three meetings totalling 20 days.
Unfortunately, system requirements are dynamic and vary with changes in
the user's market, plant, and organization. Thus, minor changes continued
through the entire project.

To verify the accuracy of supplier-user communications in the design
phase, two techniques were used: preliminary off-line rolling schedule
generation and factory simulation. The rolling schedules, covering a large
group of typical products, were evaluated by Oxelosund operating personnel
for reasonableness and for compliance with operating rules previously esta-
blished. The factory tests included methods of data entry and simulation of
all operating sequences including the time shared position regulators.
Oxelosund personmel participated in the simulation testing and in the system
check-out which preceded it. The simulation equipment was shipped with the
system to assist in field installation.
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TRANSITION FROM MANUAL TO AUTOMATIC OPERATION y
The first try in automatic took place November 2, 1967 whem 13 plates

were finished successfully. During this first phase of operatioms, the

auxiliary input panel and all peripheral devices were connected in the

computer room. Thus, actual control of operations was from the computer
room, with management actively involved in communications between the com-
puter room and the mill pulpit. After a few months, when most of the neces-
sary modifications in the software had been made, the auxiliary equipment
was moved to its final location in the pulpits. Shortly after that, card
flow arrangements were completed and the tracking function kept operating
24 hours a day.

Automatic rolling for the first few months was limited to plates over
15 mm final gauge. The gauge limit was gradually lowered as model adjust-
ments permitted processing thinner plates without rejects for flatmess.
Operator Training

Training of the operators started shortly after the system specifica-
tions were resolved. At that time, the main principals of operation were
introduced and discussed. Courses on the theory of operation started just
before the computer hardware was installed making it possible to study and
try some of the equipment in conjunction with the theoretical presentations.
These courses occupied ten 2-hour periods.

Complementing these courses were visits by all operators and foremen to
another mill with several automatic features. As the computer hardware and
software were installed and the sensors and displays connected in the pulpit,
the operators could begin to follow the information flowing to and from the
computer during manual operations. In that phase and throughout the whole
project, the operators and mill management met frequently to discuss those
steps last completed and next planned.

Pernaps the most important part of the operators training is the infor-
mation given him in the pulpit during actual automatic rolling. Every new
system function was reviewed juiﬁ prior to testing. Taking one small step
at a time, the operators gradually became familiar with the automatic opera-
tion and leaned how and when to intervene, make corrections and return to
automatic.

Support Personnel Training

Support personnel include twoc maintenance engineers and two programmers
who attended Generai Electric Company training courses in the United States.
Course timing was planned to permit their participation in hardware and soft-
wvare checkout of the factory.
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During the entire field installation period, melﬁcmdl' support
person_nel actively participated in solutions to hardware and software
problems.

The present maintenance staff includes 2 engineers and 2 technicians
who work the day shift but are "on call" 24 hours a day.

Operating Practice Changes

From the operators' point of view the transition from manual to auto-
matic operation has required few changes, none of which was drastic.

The furnace operator did use a card reader even before transition
to automatic rolling. The card reader was part of an IBM-357 system com-
prising two typewriters, ome each in the main pulpit and the leveler pul-
pit, and a card punch in the planning department. For each slab pushed
the operator submitted the corresponding card through that card reader. The
card contained rolling and leveling instructions and provided a record of
what had been rolled to the planning department. Cards were read after the
slab was successfully pushed and moving towards the mill to avoid false
documentation in case the slab had to be lifted off the table for reheating.

Present practice is to read the cards before the slabs enter the
furnace and give a push complete signal when the slab slides down on
the roller table or before. When he has used the cards to submit primary
data to the computer, the operator puts them into a file arranged for manual

tracking.
After the completed rud:}ng cycle, a type-out of slab identity and
dimensions indicates in which order and in which furnace row the slabs
vere entered. The procedure is thus to:
1. Read identities from slabs
2. Sort the cards in right order and enter them through
the card reader
3. Read the type-out and check that the order agrees with
the physical order of the slabs
The push complete signal initiates typeout of the identity of the slab
just pushed, which the operator uses to check that his manual tracking agrees
with the computer tracking. The procedure has considerably improved relia-
bility with little increase in operator effort.
The mili operator has several new routines to follow, which are associat-
ed with initialization, record keeping, and feedback functions. Before every
shift the oper-ntors must:
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a) enter date/turn/crew identification
b) check the calibration of the sideguides (this is of vital
importance for accurate width control
After every roll change they must:
c) enter new roll diameters and crowns
d) calibrate the roll opening
e) enter draft limit (if changed)
f) enter finishing force targets (if in force target mode)
g) enter plate crown limit
h) run a display test
During operations they must:
i) enter delay reasons for delays exceeding 5 minutes
j) enter reasons for slab or plate rejections
k) enter occasional manual thickness measurements when
the thickness gauge is unavailable
Leveling operations are essentially unchanged, but information trans-
mittal is improved. Previously, the plate data were typed when the slab
was. pushed from the furnace. Since two or three slabs could be pushed be-
fore the first reached the leveler, the situation in case of rejections
could be confusing and result in incorrect plate marking.
The present system transmits data to the leveler pulpit as the com-
pleted plate leaves the mill.
SYSTEM PERFORMANCE
Width Control
It was apparent early in 1968 that the basic width measurement approach
was suitably accurate and reliable. Minor sideguide modifications were re-
quired to insure contact at the slab's bottom edge when squeezing. Prior to
this, 15 to 20 mm width measurement errors resulted from variations in in-
coming slab thickness. The calibration procedure duplicates the normal width
measurement sequence thus eliminating the effects of sideguide wear and
changes in the applied thrust aﬁastall.
Underpowered feed, rolls presented the only serious width control problem.
The feed roll drives were unable to match the front and rear table accelerat-
ing rates. This resulted in occasional severe skewing as the slab was passed
from tapered turning rolls to multiple disk feed rolls. The skewing reduced
the useful elongation resulting in underwidth plates. This deficiency was
partially compensated by the combining of reduced mill speed and increased
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table speeds to provide some squaring on impact. Zero entry speed, effective-
ly employed for squaring at some plate mills, was considered detrimental to
the mill bearings.

Width control accuracy has met objectives in spite of this compromise.
Figure 9 indicates deviations from target width for plates rolled in June
of 1968. The measurement used is that made by the sideguides after broad-
side rolling. The allowance for shrinkage and spread is included in the
target width. 1Its accuracy has been verified by comparison of hot and cold
measurements. The observed standard deviation of 10 mm is less than 1/4 the
standard deviation experienced on this mill when under manual control. The
distribution is asymptotic to -30 mm, since greater negative errors automatical-
ly call for an additional turn and correcting pass. At this setting only
about one piece in 50 requires correction.

Pattern Control

The effect of deferred broadside rolling is illustrated by the photo-
graphs in figure 10. The slab in figure 10a was rolled manually following
conventional practice of starting to cross roll after one scalebreaking
pass. The slab of figure 10b, rolled automatically, received 2 added basses
before cross rolling began.

The pattern superiority is evident in the straighter sides and squarer
corners.

Gage Control

Accurate control of plate gage requires the ability to predict rolling
force and the associ;ted millldeformation. Errors in these predictions are
the major source of gage inaccuracy. Uncertainty concerning mill dimensions
is largely removed by the calibration procedure and by feedback of plate
thickness. Where work rolls are badly worn, however, the effective roll
opening will vary across the roll face. Fortunately, uneven roll profile
presents no problem at this installation. The demand for minimum gage
variation across the plate width has forced Oxelosund gradually to lower
the number of tons rolled between grindings.

The gage control function has been evaluated on the basis of compari-
sons between ordered thickness and the final thickness measured manually.
Figure 11 indicates the distribution of gage errors for plates rolled in
June of 1968. The distribution indicates that 957% of the sample was within
0.3 mm of target gage. Prior sampling of maﬁually produced plates had indi-
cated a standard deviation of 0.25 mm, or 957 within 0.5 mm of target zage. The



distribution exhibits a .08 mm bias, reflecting the tendency of the gage to
read low by that amount.
Crown Control

Thickness measurements are made at the center and edge of each finished
plate. These measurements are made near the plate end, so that processing
of the next plate may start before the gaging sequence is finished.

~ The measured plate crown is compared with that calculated for the

measured force and the difference attributed to a change in effective roll
crown. A low gain is applied to the roll crown correction since changes are
slow and since some attentuation of the gaging inaccuracies is necessary.

5 mm per mm of

The system attempts to obtain a plate crown of 5 x 10°
plate width, or about 0.1 mm crown on a two meter plate. If this would
require too low a force, due to the current roll crown condition, the
target crown is automatically raised, but not above the crown limit which
is dictated by the operator. When the crown limit cannot be met with the
current roll crown, the system signals the operator to raise the crown limit
or switch to manual operation.

Thus, the target crown changes with roll condition as well as plate
width. The measure of the system's ability to control crown is the devia-
tion from target crown rather than the crown produced. In figure 12,
deviations from target crown are plotted. The distribution exhibits a
standard deviation of about 0.09 mm, and a mean deviation of -0.04 mm. No
comparable statistics exist for manual operation.

Flatness

; Flatness, the absence of edge or center waviness, is the most elusive
of the controlled characteristics. Such distortions result from unequal
elongation across the plate's width. Maintaining a constant percentage
crown during finishing would prevent these distortions but would increase
the average number of finishing passes. The extent to which a plate can
accommodate unequal elongation across its width depends largely upon its
thickness, width, and deformatidn‘resistance.

During finishing, ,this system attempts to utilize the steepest possible
descending force pattern which will not violate limits which have been esta-
blished for various combinations of plate dimensions and hardness.

Lacking a flatness sensor, the system relies on operator feedback to

close the flatness control loop. His coded defect observations are used to
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ad just the slope of the finishing force pattern so as to prevent defect
recurrence in the next plate.

There is no convenient index of system effectiveness in controlling
flatness. Our experience indicates that the results are roughly comparable
to those obtained manually. In critical situations, however, an experienced
operator is often better able to assess the current plate condition and
choose an appropriate correction strategy.

RELATED BENEFITS

Although it was yield improvement which made this system economically
attractive, several related benefits are worth mentioning.
Reduced Slab Identity Errors

When defining the data input procedures, a major objective was to mini-
mize the risk of assigning the wrong card to a charged slab. If the dimen-
sions on the card and the slab were different the exchange would be discover-
ed in the dimensional check prior to rolling, but if the dimensions are
approximately the same the situation is more critical.

The following procedure was selected:

a) Only the depiler selected by a 4-position switch can be
operated

b) Limit switches indicate when each depiler is raised to
accept a new slab stack

c) Card reading is initiated by one of four "Read Card"
pushbuttons designating u&ich row is being charged

d) The "Read Card" pushbutton, depiler limit switch, and
depiler selector switch positions must correspond
before data can be entered. When this condition is met,
the cards corresponding to the slabs on the depiler are
read.

This system has virtually eliminated the two most common manual track-
ing errors: charging the wrong row and charging in reverse order. Com-
bined with the pre-rolling dimensional check, it has reduced the incidence
of mixed orders to a negligible level. ‘
Improved Providing Practice

The system tests several dimensional relationships before accepting an

item for automatic rolling. Changes in production planning practices can
thus be monitored. For example, current providing practice dictates that
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cross-rolling be limited to 200% elongation. If the system notes that planned
plate width exceeds 3.0 times slab width for a double turnmed item, this fact
will be alarmed at the mill operator's typer. A full record of deviations

from proper providing practice is, thus, immediately available.

Improved Mill Capacity and Scheduling Information
In order to minimize elepsed time from’input of material in one end

of the production line to output of finished product at the other end, it
is of vital importance to know accurately ;he capacity of each processing
area. Capacity of the rolling mill is particularly important at Oxelosund,
since it is the limiting facility for most products. Mill capacity varies
with dimensions, weight, and steel grade.. Typically, mill capacity estimates
are based on simple relationships involving one or more of these factors.
Oxeldsunds Jarnverk uses relatively complex mathematical models for
scheduling itllprodﬁction facilities. The addea complexity is only justified,
however, where sufficient data are available for model adjustments. The GE/
PAC system provides off-line as well as on-line generation of rolling times
for all products, permitting precise adjustment of the production scheduling
models.
Increased Heating Capacity
Although the process control system does not include any direct control
of the furnaces, it has helped raise furﬁace productivity in a very simple way.
During the years of manual opé¥ation, push rate had been defined by a
relationship which expressed the minimum time between consecutive pushes
from one row as a function of maximum slab thickness in that row. /For
simplicity, the function enmployed 20 to 30 mm steps of slab thickness. The
computer, by substituting a continuous function for the previous step func-
tion, has removed some of the remaining conmservatism. "ROW READY'" lamps
indicate when the éalculated time has elapsed since the last push of each
row. These assist the operator in obtaining maximum capacity from each
furnace and in balancing the loading between furnaces.
CONCLUSION p i
The closer tolerances of width and gage as a result of the automatic
rolling have made it possible to review the providing practice system. As an

average Oxeldsunds Jirnverk have been able to raise the slab to plate yield %-
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Figure 1 "Furnace depilers accept slabs from an overhead crane for

charging into the four furnace rows'.

Figure 2 "The plate mill is seen here as viewed by the operator".
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Figure 3

"Both right and left operators desks were redesigned for
automatic operation'.
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Figure 5 “"'This display panel indicates whether drives and sensors

are in manual or automatic mode''.
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CONTROL FUNCTIONS

WIDTH CONTROL
PATTERN CONTROL
GAGE CONTROL}
CROWN CONTROL

FLATNESS CONTROL

Figure 7 "The process control system performs these major functions'.
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OPERATOR FLATNESS OBSERVATIONS
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Figure 8

the planned force pattern”.

"“The operator's flatness observations directly affect
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Figure 9 "The automatic width control function was performing at
this level by March 1968"
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Figure 10a,10b ''Pattern after cross rolling is improved by automatic

operation'.
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Figure 11 "Plate produced automatically exhibit this gage error
distribution''.
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COMPUTER CONTROL OF THE COILING
TEMPERATURE IN HOT STRIP MILL-CONTROL
SYSTEM OF DISTRIBUTED PROCESSES BY

DYNAMIC SIMULATOR

Akinao Nara Hidehiro Kitanosono Tsuneo Isahaya
Hitachi Ltd. Sumitomo Metal Industries
Tokyo Osaka
Japan Japan
Introduction

It is generally accepted that the measurement should be most important
; in the process control. The richer the measurement is, the simpler is the
control required for the same performance. On a real distributed process
where the measurement is poor, however, excellent control performance has
been realized using a unique dynamic simulator.

As shown in Fig. 1 which illustrates the coiling temperature control
of a 6-tandem hot strip mill, the strip after rolling in the mill is cooled
down to the target coiling temperature by water sprays which are laid up
along the hot run table.

Difficulties are involved in this control because of the necessity of
distributed sprays to insure adequate cooling effect, difficulty of temper-
ature measurement in and near the spray owing to the limited thermometer's
accuracy, impossibility of strip speed maneuver which is busy in mill
control, and quick and large transient distrubances to the strip speed and
the target coiling temperature.

In the past, a skilled operator switched on and off the spray valve
from experience ;ith reference to the chart of temperature measurement.
With unavoidable misoperations and technical limitations, such manual
control was acceptable only for those running schedules under which the
mill operation was not so difficult to control.

Recently, however, speed-up of production with higher quality has been
required and this necessitates computer control. In most cases, the pro-
cess control computer is pure digital, and usually the hot strip coiling
temperature control is performed by digital computerl. To the best of our
knowledge, however, it has never been seen that the control by pure digital
provides adequate dynamics of control.

The reason may be in the fact that the automation and speed-up of a
given control scheme by digital computer is one thing and rationalization

of the control scheme itself is another. Avoiding to wrestle with the
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control difficulties mentioned above, the past pure digital first applied
rough control on assumption that the process is a concentrated parameter
system, and then corrected errors resulting from the approximation.

Such a practice of control, however, was not enough for the purpose
even with superior flexibility and large memory of the digital computer.

In order to insure high accuracy, programmed strip speed was needed.

From this point of view, it is necessary to obtain a simple but
effective method of control which is suited to the real process as a
distributed parameter system. We dared to do it and were led to the
concept of "analog simulation™ which is the key to the method.

The analog cooling simulator for a piece of strip is shown in Fig. 2.
Given the temperature at the mill outlet as initial value, the simulator
indicates the temperature variation of the strip accurately and conti-
nuously with time as the strip moves on.

If a number of such simulators are installed in parallel correspond-
ing to various points on the strip and driven in real time, the temperature
at each point can be measured with no use of thermometers.

Since the measuring difficulties are eliminated, excellent feedforward
control becomes possible. This means reduction in burden and dead time of
feedback control. Thus, adaptive control can be performed simply and
effectively. The need of programming of strip speed is eliminated, and
even with such expanded flexibility, control dynamics is better. This
method is not an improvement of measuring hardwares and their environments,
but is software which effectively uses all the past measured values
concentratively. i '

0f course, the digital computer is in a sense allmighty and can
operate similarly to the anmalog simulator, but its exclusive use for such
control is not economical and its shared use for mill set-up is difficult
by its computing time. ¢

We have embodied the method of dymamic simulator by a mixed hybrid
computer. The mixed hybrid computer is suitable for this method and can
realize a control system of higher performance, reliability and economy
than pure digital.

This control system has been completed by close coordination of user
and maker and is a fruit of overall efforts of manager, process researcher,
system engineer, device engineer, device inspector, production engineer,
measuring instrument engineer and so on.

The research of the control system was started in April 1965 and the
contrel experiment was completed in the plant in March 1966. The control
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system has been in practical operation since October 1967.

Layout of the plant

Fig. 1 shows the layout of the plant. Rolled in a 6~tandem finishing
mill consisting of 6 stands, Fl1, F2... P6, a strip is cooled by water spray
devices which are laid up along the hot run table and divided into six

benks of equal intervals, an’ is wound by the downcoiler. Measurements
inglude; vinding speed V m/s oy a tachometer of the last rolling stand (F6
in most cases), thickness of strip h mm by an Xray gage at the outlet of
F6, and strip temperature Tf °C at the outlet of mill and winding temper-
ature Tc °C before the downcoiler by radiation pyrometers.

Each bank of water sprays is composed of many spray nozzles and their
pipings, and each group of spray nozzles is manipulated by a valve.

Because of reliability, response, and linearity of water quantity to
valve opening, the on-off valve was applied in stead of the continucus
control valve.

The water spray pressure is controlled constant so as to hold the
spray cooling ability of each valve constant.

To maintain favorable environments for each thermometer, devices to
eliminate water splash and vapor are provided. It is difficult to set
thermometers in the water spray or in the section between the water spray

and just before the downcoiler. L4

Operation of the plant, and the target of control
Hot strips are supplied intermittently from the finishing mill and

after winding of each strip's head, the winding speed is raised ecither
quickly or slowly. The former is for preventing rolling temperature drop
and increasing pfoduction speed: +the latter is for holding the rolling
temperature constant.

In order that the wound strip may have homogeniocus quality for dif-
ferent carbon contents from the head to the tail end, the target coiling
temperature Tco is changed as the strip moves on.

The quantity of cooling spray is decided mainly by Tco, h, Tf and V.
h is held nearly constant by automati£ gage control. It is difficult to
obtain proper distribution of cooling spray at every instant of changing
V, Tf and Tco. Rapid change of Tf is due to change of V.

It would be convenient if V could be manipulated to control Te, but
this is impossible because V must “c manipulated for rolling temperature

control, etc.
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The target of control is an error of the order less than 1¢°, 10°C
over the total length of strip under the conditions as mentioned above.

Cooling process equation and macro model control

There is a fairly long distance between sensor (Tc thermometer) end
actuvator (water spray device). It is, therefore, impossible to reduce the
control error below the required value if it is attempted only by such
feedback control as PID when rate of change of V, Tf or Tc is large.

In such a case, it is effective to apply feedforward control by a
model, if possibloz. To build the model, it is necessary at first to
express the strip cooling process in a numerical form.

The cooling process equation for a point on the'strip is shown by

Eq. (1).

%:-{. %."(:.T-:-g-'(T'r 2'73)"} (1)

where T: temperature of a point on the strip (°C)
t: time (sec)
K: cooling ability of the spray (mm+m -noe-l)
L: distance from inlet of No. 1 bank toward downcoiler (m)

K':t cooling coefficient of radiation (mm et < %¢73)

Egs. (2) and (3) of the model for feedforward control are derived by
limited integral of Eq. (1). These equations apply to the macro-point-
models which neglect the distribution of sprays, temperature distribution
in the thickness direction of the strip, heat transfer in the horizontal
direction, impossibility of superposition of spray cooling and radiation

cooling, and other nonlinearities. )

%Sij-Kij‘-—_ h-V-Loj,-:’r—-fz : (2)

e )
(T3+273) ~ (Teo+273) h-v

vhere i: No. of the spray bank
j: No. of the valve in the same spray bank
ij: quantity to show on or off of No. j valve in No. i bank, 1 for
on, 0 for off

¥ij: spray cooling ability when No. j valve in No. i bank is on



(mm *m « soc'l)
Lo: distance between inlet of No. 1 bank and Tc thermometer (m)

Since spray density across the width of the strip is nearly the same
for each valve, magnitude of Kij is independent of the width of the strip
and is nearly proportional to the quantity of spray water if the water
pressure is constant.

Eqs. (2) and (3) suppose that all sprays are concentrated at the
inlet of No. 1 bank and from there up to Tc thermometer, there is only
radiation cooling.

If, however, valves of No. 6 bank are manipulated when V and Tf rise
rapidly, there yields a large negative transient error of Tc as shown in
Fig. 3.

To eliminate this error, manipulation of each valve should be given
a proper delay. However, the value of the delay should be varied with the
position of valve and changes of V and Tf.

Though a digital computer is suitable for such compensation because
of its flexibility in programming, if it still difficult to obtain strict
compensation in all cases. In practice, programmed V is needed and this
diminishes the controlling flexibility.

Control by dynamic simulator as a kind of micro model

To eliminate troubles of the macro model control, we have applied a
dynamic simulator, a kind of micro model. The dynamic simulator consists
of many unit simulators shown in Fig. 2 and expressed by Eq. (1).

The dynamic simulator is expressed by Eq. (4)

T T | [2k k'
DA R R CRES SEAOM o

where L = 0~ (Lo-L2), T = Tf when L = 0, T = Tm when L = Lo-L2

L: distance of a point on the strip from No. 1 bank inlet toward
downcoiler (m)

L2: distarce from No. 6 bank inlet to Tc thermometer (m)
Tm: strip temperature at No. 5 bank outlet and No. 6 bank inlet (°C)
-%%-(L)z density of spray cooling in the winding direction
(mm - sec™))
The block diagram of the control system using the real time dynamic

simulator is shown in Fig. 4. This dynamic simulator simulates strip

e it

= s e S
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temperatures in 5 spray banks and indicates strip temperature Tm at the
outlet of No. 5 bank where thermometer can not be set.

Using Tm as Tf, feedforward control is possible by Eqs. (5) and (6)
similar to Eqs. (2) and (3) for macro models.

Ke= h-V-log Iz (5)
¥ x4
' a VAR < (6)
(Tm+213)®  (Tot2m3)® h-v

where K6: cooling ability required for No. 6 bank (mm -m . sac-l)

Because No. 6 bank is close to Tm, macroscopic assumptions of Egs. (5)
and (6) similar to Eqs. (2) and (3) approach the reality. Because L2 is
slightly smaller than a half of Lo, transient error due to variation of V
is smaller than in Egs. (5) and (6). Error due to quick disturbances is
thus eliminated, and such transient error as in Fig. 3 is diminished
significantly.

Feedback control and model modification (adaptive control) eliminate
the error remaining after the feedforward control. The feedback control
is expressed by Eq. (7) and the model modification is expressed by Eq. (8).
Eqs. (7) and (8) are derived by partial differentiation of Eqs. (5) and
(6).

3¢ Pl i
AKc=-o(-hL%%-m-n.)-4t : ™

@ _b_ ¢ . m’+273)4.. of d
AKQ_ At£ (%-]Z—'(T)’_ﬁ (Tc T:a) dt + AKao (8)

vhere A : constant
Kc: cooling quantity by feedback (mm +m - loc-l)
Ka: cooling quantity by model modification (mm .m. -oc_l)
t: elapsed time from winding of strip head (sec)
Kao: integrated value of Ka up to previous strip (mm .« m . soc‘l)
fanipulation of No. 6 bank's valves is expressed by Eq. (9) which
distributes the sum of feedforward cooling, feedback cooling and model

modification cooling to spray cooling of each valve.

Z&j-Ksj-i-fKe+AKc+AKa (9)
J
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The feedback is expressed in an integral form according to Mr. A.
Haalmann. It holds next suitable dynamics at some constant ratio of the
open loop integral time constant to its dead time. A is selected accord-
ing to the same opinion.

The block diagram of a feedback control loop is shown in Fig. 5. The
response characteristic, non-dimensionalized for step disturbance and
winding speed, is shown in Fig. 6.

The model modification reduces average error at the head of the strip.
In the operational schedule where hs, Tfs, Tcos and Vs are nearly same,
equation's errors are also nearly equal. So the cooling quantity which
just eliminates the error of the strip head can be used as the initial
compensation cooling quantity for the next strip head.

Error of the strip head becomes a step disturbance and is detrimental
to the feedback control with a long dead time. By the above mentioned
model modification, except for the first strip in the schedule, the strip
head error can be decreased significantly and the following feedback
control made smooth.

In this way, in the real time dynamic simulator, each control func-
tion, feedforward, feedback or model modification, deals with the
disturbance manageable by itself most effectively.

If the disturbances dealt with are arranged in the order of rate of
change, the arrangement corrcsponds to that of control functions just
listed above.

All the control actuation except for the preset mentioned nexi, feed-
forward, feedback or model modification, is gathered to No. é bank as shown
in BEg. (9). The purpose is not only for simplifying actuating devices but
for diminishing the feedback loop dead time.

Bach valve of No. 6 bank has smaller size and deals with less spray
quantity than other banks. The intention is to reduce quantizing error of
Te and to shorten the response time to match the feedforward control.

It is necessary to hold the prescribed cooling quantity of No. 6 bank
below its capacity in order to insure normal control. PFor this purpose,
Nos. 1 through 5 banks are manipulated properly by preset technique. The
mathematical model of the preset is eipresaed by Eq. (1) similar to Eqs.
(2) and (5).

In addition to the actual valves, the preset is performed on the bank
model in the dynamic simula+.: :entioned later.

-l
Zéij-Kij=h-V-[ e =L ~ Afea — Koo (10)
? 'f

-
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vhere K60: & half of No. 6 bank capacity (mm-m- soc-l)
Eqs. (2) and (5) are used also for multiple regression analysis to
identify the cooling ability of each valve.

As mentioned above, the real time dynamic simulator control supported
by the micro model is free from many troubles involved in the macro model.
There is a bright prospect for a control system with high flexibility and
excellent dynamics.

Quantitative evaluation of control methods by simulation

The dynamic simulator control was compared by analog simulation with
manual control and macro model control. The comparison in terms of
typical values of h and V is shown in Table 1. )

From this table, it is seen that the transient error of manual control
and macro model control is over £10°C with 20% and 50% rise of V in 10 sec,
vhile the dynamic simulator control shows the maximum error within +6° end
-5°C under the same conditions which well meets the control target
mentioned above.

Computing controller of mixed hybrid form
Nowadays, the process computer control is the summary control by

single digital computer in most cases. It is not necessarily proper,
however, to treat all the content of control by pure digital alone. For
the realization of control by dymamic simulator already mentioned, we have
applied a mixed hybrid controller of single purpose, called "Spray
controller”, because of higher porfor-nce-té-eost ratio l.nd reliability,
as well as ease of handling like industrial measuring instruments.

If the control of such a purpose were accomplished by pure digital
alone, the computing time would be critical as both the mill set-up and
the spray control should be taken care for by a single computer. The
performance-to-cost ratio is high in the case of the spray control alone. '

The mixed hybrid is not a common hybrid system which is a parallel
combination of analog computer and digital computer connected together by
AD converter, DA converter and linkage device. But, it expands the
operational control of analog computer to such an extent that some analog
circuits are switched by logic and some logics are determined depending on
vhether an analog signal is higher than another analog value or not.

By the mixed hybrid, functions difficult to be realized by analog
only, digital only or both paralleled can often be realized easily.

Examples are pace circuit, dynemic simulator circuit and valve
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selecting circuit in "Spray Controller", and will be explained in the
following.

In the pace circuit shown in Fig. 7, input is the strip speed eand
output is the clock signal generated by a unit progress of the strip equal
to the bank interval. The output of the pace circuit controls the dymamic
simulator circuit shown in Pig. 8 and is the basis for each timing signal
of feedforward, feedback and model modification. The variable interval of
the clock signal is in contrast to the constant interval with digital
computer. The variable interval makes the control intimate with the pro-
cess behavior, simple and effective.

The dynamic simulator shown in Pig. 8 consists of a strip model, a
bank model and a switch matrix. The strip model comsists of 7 integrators
and simulates temperatures of sampled points on the strip for each bank
interval. The bank model comnsists of 5 nonlinear circuits and simulates
superposition of spray cooling and radiation cooling in each of 5 banks.
The switch matrix is switched by logical outputs of a ring counter in the
pace circuit and simulates the relative position of distributed spray and
strip by shifting the comnections of integrators and nonlinear circuits.
Such a clear construction is given because all-points on the strip are at
the same speed at any time. An integrator and a nonlimear circuit are
connected as shown in Fig. 2 and their combined operation is expressed by
Eqs. (1) and (12) in integral form.

t /
T=Tf°‘%£{%F_(L)°T+g(T+2’(3)"}dt (1)

t
L=LV'“» (12)

wvhere Tfo: simulated temperature of a sampled point at outlet of mill (°c)
t: elapsed time from the instant when the sampled point enters
into No. 1 bank (sec).

At an instant, each of 5 out of 7 integrators simulates the sampled
point in computing mode under each of 5 banks, another one tracks Tf in
resetting mode and remainding one holds Tm in holding mode.

Fig. 9 shows the valve selecting circuit. It distributes required
cooling quantity on the right side of Eq. (9) or (10) to quantized cooling
ability on the left side of the same equation. Selection of valves is the
result of this distribution. It may be called "device of distributing

continuous quantity and selecting quantized quantities™ or "gemeral AD
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converter” in which the order of selection and each quantized value can be
set arbitrarily. The valve selection order is prescribed from the metal-

lurgical view point.

Experimental results of the plant

An experimental "spray controller" was manufactured and operated in
Wakayama Steel Plant. Problems noted in completing of the practical system
are; superposition of spray cooling ability of each valve, measurement of
vinding speed after rolling, environment and response of each thermometer,
magnitude and deviation of valve response time, working frequency and life
of valve, saturation of control bank (No. 6 bank), residual heat of hot
run table in down time, equetion's error on strip thickness and so on.

None of these problems, however, was not so serious as to deny the
dynamic simulator control.

Completed practical system and its expanding
After studying the problems encountered in the plant experiment,

function and reliability were improved, and the practical system was
completed by adding such a new feature as varying the target winding
temperature with time (taper cooling).

With this system, control accuracy over the total length of strip
except for thick strips over 7 mm was 2000, 95%, as contrasted to the past
skilled manual control which attained only l0-, 20°C under easier schedules.

By further improvement and expansion of the system conpletcd in
¥Wakayama, a plan for Kashima Steel Plant is nmr in propsr.tion. The
Kashima system is generally larger and more complex than Wakayama. It
will have such features as 4 downcoilers, 2 blocks of spray device, faster
winding, wider range of schedules, but essentially it may be based on the
same control principle as Wakayama. Participation of digital computer is
under consideration for long and high accuracy memory and complex arith-
metic required by improved preset and model modification.

Conclusion

A control system which is effective even with poor measurement
information has been completed using a real time dynamic simulator. The
dynamic simulator permits exact grasping of process dynamics, and each
conirol function can treat the disturbance manageable by itself most
effectively.

The mixed hybrid computing control device is most suited for this
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system and provides excellent dynamics, high reliability, low cost and
ease of handling.

Though the dynamic simulator control is just suitable for such pro-
cesses where simulated objects are rigid, it is also expected that the
same concept may also be applicable to other processes with distributed
character.

Not mentioned in detail above, identification of cooling ability of
each spray valve and radiation, and statistical on-line model modification
as contrast to the determinative dynamic simulator, are interesting as
themes of modern control theories. We are continuing studies on them.

The authors wish to thank Mr. Ishii, Dr. Okamoto, Mr. Machida,

Mr. Mitsuya, and Mr. Ono of Sumitomo Metal Industries, and Mr. Hirakawa,
Dr. Miura, Mr. Magara, Mr. Takuma, Mr. Kashiwagi, Mr. Yamada, Mr. Kamiyama,
Mr. Haruna and Mr. Namiki of Hitachi Ltd. and other many persons for their

many advices and cooperations.
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AN ANALYSIS INTO THE DYNAMIC BEHAVIOUR
OF TANDEM COLD MILLS BY A DIGITAL
COMPUTER AND ITS APPLICATION

by T.Arimura, M.Kamata, and M. Saito
Nippon Kokan K.K.

Kawasaki, Japan.

Introduction

In recent years the automation of tandem cold mills has been making
a big stride into the age of computer control. In order to promote the
productivity of such equipment, maintain the quality of the products, and
caxl'ry out safe operation, the excellent capability which computers possess
should fully be utilized. The authors develo,  -i the technique to simulate
the complicated dynamic behaviour of cold tandem mills, by which a
variety of valuable knowledge was gained. From this a guidance to de-
velop a new computer directed control system out of the conventional

local feed back system was obtained.

Nomenclature

; Thickness of ingoing strip.

; Thickness of outgoing strip, or gauge.

; Roll opening, or screw setting.

; Rigidity of mill stand.

; Roll force per unit width.

Roll torque per unit width.

; Torque generating function.

; Forward tension per unit area.

Backward tension per unit area.

; Forward slip.

; Backward slip.

Vout ; Speed of outgoing strip.

Vin ; Speed of ingoing strip.

Vi,i+1; Speed of strip btw. i th and i + 1 th stands.
V ; Peripheral speed of roll, or speed of stand.
L ; Distance btw. stands.
Ly ; Distance btw. a stand and an X-ray gauge meter.

: Young's modulus of steel.
Torque characteristic of main motor.
Suffix for number of stand.

Symbol which denotes the small deviation.
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Description of the mill system
1. Mathematical Expression of the Systém

Concerning the transient state of rolling by tandem mills, analyses
were made by R.A.Phillips,l Sekulic and Alexander2 and B.M UuTosa,
U A KyBwuHoB, and E. U.Cnenywkun 3. In this paper, these analyses
were developed further and using a digital computer the dynamic behaviour
of a 5 stand tandem mill was investigated in details. In general the thick-
ness of outgoing strip is determined by the roll opening and the elastic

elongation of the mill as follows.

h=sSr+P%k. (1)

Taking the thicknesses of ingoing and outgoing strip, forward and back-
ward tensions, and roll opening as variables in rolling, equation (1) is

linerarized for the small deviation of the variables as

) h-ASr-IS/(K-%EyAH-(%%)/(K-%E)
+ oy @)/ (-3 + an-(3E) A-3D). (@

The speed of ingoing strip is slower and that of outgoing strip is faster
than the peripheral speed of roll. This relationship is expressed as

Vor = (145 V. G)
Vin = (1+¢)V. (4)

Taking the thicknesses of the ingoing and outgoing strip, and the forward
and backward tensions as the variables which influence the forward and

the backward slips, equations (3) and (4) can be linearized as

A Vout -V{(%&)am@i-)am(%&)mp (%,%)Atf}ﬂhf) av, (5)
AV = V{BDaH+ED ah+ @ )at,+ GHats}rrorav (6)
Also, the rotational speed of the roll varies with the torque. This

characteristic of the motor can be expressed as
AV= DAG, (7)
The variation of the torque is cansed by the variations of the thicknesses
of the ingoing and outgoing strip, and the forward and backwar- -.asions.
Therefore the deviation of the torque is expressed as
AG =G (aH. Ah, AY, Aty) '

= @D an+GDHan+EEray +GE) oty (8)
Tension is applied on the strip between stands, and deforms it elastically.
The deviation of the inter-stand tension is determined by the speed of the

outgoing strip at one stand and that of the ingoing strip at the next stand



as follows.

t

At.fi--f-L(AV-,., it1-aVonr,i)dt | (9)
The relationship between the thicknesses of the outgoing strip and the
ingoing strip is expressed by using the Laplacian operator as

Hisy = hj- 73 (10
The partial derivatives were calculated from rolling theories*: 5, Figure
| shows the block diagram of the mill system which includes the torque
generating function (block & i), and the Automatic Speed Regulation system
(block Di). The system contains more than one hundred elements which
makes the simulation by an analogue computer impractical. In view of
the multiplied capacity and calculating speed of digital computers, the
simulation technique of the continuous system by such a computer was

deve].oped6 .

System dynamics of the mill

To analyse the dynamic behaviour of the cold tandem mills the step
change of the hot band gauge, the peripheral speed of the rolls, and the
roll openings were put into the mill system, and the response of the
system was investigated. The rolling schedule used in the calculation is
shown in Table 1. The results of the simulation are shown in Figure 2 ~
Figure 7 for the cases of the small deviation of hot band gauge of roll
openings at the first and the fifth stands, and of the peripheral speed of
the rolls at the first, the third, and the fifth stands. The results irom
the analyses are summarized as follows.

(1) The abrupt increase of the.hot band gauge decreases the interstand
tensions. When the gauge deviation arrives at one stand, ‘the for-
ward tension decreases, and it decreases further when the deviation
arrives at the next one.

(2) The outgoing strip gauge increases the most by the increase of the
ingoing strip gauge. However it is further increased by the de-
crease of the tension between the sta.nd and the next stand caused by
the arrival of the thickness increase at the next stand.

{3) By the decrease of the roll opening of the first stand, the gauge at
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all stands and all the interstand tensions decrease.

(4) By the decrease of the roll opening of the fifth stand, the finished
gauge decreases. But at the same time the tension between the
fourth and the fifth stands decreases to a large extent, causing the
increase in the gauge at the fourth stand. And after certain moment
only small deviation is observed as for the finished gauge.

(5) By the increase in the speed of the first stand, all the interstand
tensions decrease by which all the gauges decrease.

(6) As for the stands between the first and the final one, the increase of
the speed causes the decrease of the forward tension and the in-
crease of the backward one. The finished gauge deviates to a small
extent after a transient change.

(7) The increase of the speed at the fifth stand increases the tension
between the fourth and the fifth stands, decreases the gauge at the
fourth stand and finally the finished gauge.

(8) The backward effect of the rolling conditions of one stand through

-interstand tensions is limited to the preceding stand and affects the
stand before the preceding one to negligibly small extent.

(9)) Accordingly the factors which influence the finished gauge are the
change in the speed of the first and the fifth stand, the roll opening
of the first stand, and the hot band gauge. The other factors change

the finished gauge temporarily, but have small effect on it finally.

The Analysis of the AGC System and its Application
1. Improvement of the conventional AGC system

To analyse the complicated dynamic behaviour of the AGC (Automatic
Gauge Control) system, the simulation was applied to a tandem cold mill
which is equipped with the conv.ex-xtional AGC system. The block diagram
cf No.l STD. AGC, and the No.5 STD. AGC are shown in Figure 8 and 9
respectively. The gauge deviation .at the first stand will be fed back to
the screw down motor at the stand when 't is over the range of a dead
zone. The motor continues running during anON-TIME which is supposed
to be the time to cancel the gauge deviation, and pauses during an OFF -

TIME which is the time required for strip to travel from the first stand



61

to an X-ray gauge meter.

The present value of the gain of the system is too small to settle the
deviation in a short while. So the simulation was made for the formerly
used and the increased (X3) motor speeds, as shown in Figure 10, ac-
companied by the experiments with the motor speed 1.44 times as fast as
the formerly used one, as shown in Figurell. In both cases the response
to the step change of the hot band gauge was observed with the distinct
reduction’ in settling time. Figure 12 shows the comparison of the effects
of the difference in screw down motor speed on the skid marks of hot band
on the daily run. As shown in the figure the increased motor speed di-
minishes the deviation of gauge without hunting.

Concerning the No.5 STD. AGC, the finished gauge control is done
by the tension between the fourth and the fifth stands. The change in
tension is generated by the control of the speed of the fifth stand actuated
by the gauge deviation signal resulted from the comparison of the set
value and the signal from an X-ray gauge meter. The resufts of the
simulation for the various control modes are summarized in Figure 13.
It was clarified that the present control system is based on the propor-
tional control principle and hence the offset in the finished gauge is in-
evitable, ﬁut that by using the P + I control this offset can be cleared out.
2. A new AGC system ’

In view of the speed-up of the response of the AGC system, the
authors developed a new system in which the signal from an X-ray gauge
meter located at the entry side of the first stand is fed forward to the
screw down of the stand. To evade the gauge variation caused by the
change of the tension btw. the first and the second stand, the change in
the forward slip of the first stand is also predictively adjusted with the
X-ray signal to maintain the constant speed and the tensions. The control
equations for the adjustment of the screw settings and the peripheral
speed of the roll is obtained from above equations by nullifying Ah; and
compensating the speed deviation caused by the variation of the forward

slip (see Figure 1) as follows.

K ‘L'l' )

ASr= W-Aﬂre'\c’, (a
_LE.S (12

AV|= .'V‘.AHz.e‘r“ ; (12)

114,
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The partial derivatives and the forward slip are selected according to the
pass schedules. Further, as the monitor an X-ray gauge meter is in-
stalled at the delivery side of the first stand to feed bac-k the measured
value to the No.l STD. AGC. As for the deviation of the finished gauge
caused by the disturbances after the first stand, the conventional No.5
STD. Tension AGC is utilized. The block diagram of the new control
system is shown in Figure 14, The simulation results of the comparison
between the responses of the conventional system and the new system are

shown in Figure 15.

Gauge Alteration in Rolling

In order to enlarge the productivity of tandem cold mills the hot
band coil should be as bulky as possible. The coil weight of the hot band
is usually limited by the size of finished coils or of orders. If it is pos-
sible to alter the finished gauge freely, or to roll several kinds of finished
gauges out of a hot band coil, the productivity of the mill will be consider-
ably magnified.
1. Theory of gauge alteration in rolling

When the roll openings are changed with the purpose of altering the
finished gauge, the inter-stand tensions will be varied. With the increase
of the extent of the gauge alteration, the change of the inter-stand tensions
is enlarged finally to the point where the smooth running of the mill be-
comes impossible. Therefore it is necessary to maintain the inter-stand
tension constant. In order to nullify the deviation of the tensions it
follows from equation 9.

AV, ivr = A Vout,i . 3
Therciore referring to equations 5 and 6 the following equation should be
_ satisfied for the control of the speed of each stand.
AViy ’{(%a’)iAHit(*fﬂ)iAhi }.vi/“’fhl)-'(—l%—l)A‘;
'{G'&)‘m 1 Mias ¥ (%{-)M'Ah""}'va%*ﬂﬂ) R o

As is clearly shown in Equation 14 in order to maintain the constant inter-
stand tensions in case of the alteration of roll openings, the speed of
i +1 th stasd should be coatrolled in correspondence to the deviation of

the gauge of i - 1 th, i th, and i + 1 th stands and that of the speed of i th

SR

S e




63

stand. For this kind of control, it is proper to apply the programme
control in use of a computer. First of all the patterns of the speed of
each stand according to the élapsed time for the compensation of the
variation of the tensions are calculated for the case of the change in screw
setting of a certain stand by a unit length (0.1 mm). Figure 16 is shown
for the case of the change in screw setting of the first stand. These pat-
terns are memorized in an on-line computer. When the roll openings of
the stands are required to alter in a certain mode, the speed patterns
will be calculated by the linear combination of the original speed pat-
terns as is shown in Figure 16. Figure 17 shows the speed patterns of
all stands for the case of an unanimous change of the roll openings at all
stands. The screw setting alteration order and the speed pattern alter-
ation order are given to the screw down control system and the roll
speed control system of each stand reséectively through 1/O INTERFACE
as shown in Figure 18. The minor variation of the tensions will be con-
trolled by the conventional feed back system. By such constant tension
control, the G.A.I.R. (Gauge Alteration in Rolling) can be realized.

2. An experiment on the conventional tension control system

To judge how smooth the G.A.I.R. can be done by the conventional
feed back system, an experiment was done on a tandem cold mill. In this
system the tensions are controlled by screw settings and the speed of
stands both actuated by the signal from tension meters over a range of
dead zone as shown in Figure 19. In rolling, the screw settings of all
the stands were lowered by 300« in 8 seconds, with the reduction of the
finished ga‘uge by 1402 . Some of the tensions were drastically diminish-
ed, especially the one between the second and the third stands as shown
in Figure 20. This seems to be due to the slow response of the control
system and the main motor.

Conclusively, the present system cannot compensate the abrupt
change of the tensions sufficiently and safely. And for the G.A.I.R., on-
line computers should be used in the programme control of the speed of
stands in correspondence to the change in the screw setting.

3. Possible future application of the G.A.I.R. system

In order to automatize the operationof a tandem cold mill completely,
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dynamic computer control system should be introduced. The follow-

ing are a few examples of the future application of the G.A.I.R. system.

(1) Modification of finished gauge

Due to the complexity of cold rolling phenomena, the pre-set value
of pass schedules selected by operators, or by an on-line computer
may not put the finished gauge in the control range of AGC. Such
adjustment can ea8ily be done by the G.A.I.R. system. ‘
Reduction of off-gauge

Off-gauge is the increase of strip gauge caused by the speed charac-
teristic of the bearing film thickness of back-up rolls, and the co-
efficient of friction in rolling in the acceleration and the decelera-
tion of a mill. The change is too rapid to be followed by feed back
control systems. A program control by the G.A.I.R. system can
compensate the off-gauge without the breakage oi strip or cobbles

(failure of rolling by lapped strip).

Conclusion

By the simulation of 5 stand tandem cold mills the dynamic be-

haviour of the mill was known, which give rise to new control systems by

the programming and the direction of on-line computers.

When tandem cold mills are to be fully autormatized, the investment

will not be justified if simply the function of human operators is replaced

by computers without the cost reduction by the development of dynamic

control systems.
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THE OPTIMIZATION OF CUTTING PROCESS IN
CASE OF UNCOMPLETE INFORMATION ABOUT
PROCESS

Jerzy Bromirski - Technical University of Wrocaw, Institute of
Engineering Cybernetics, Poland, L

Jan Potrz - Industrial Institute of the Automation and
Measurements, WrocXaw Division, Poland.

i+ Introduction.

In many branches of industry there oceur situations when the
minimalization of the material waste resultiﬁg from cutting in-
dustrial material becomes imperative. In the basic branches of
industry and especially in the metallurgical industry, the cut-
ting processes that result in the physical parting of material
consist, among others, in dividing the variable - length bands
into the lengths belonging to the set of the permissible lengths
defined by technological aspects. The length of the last piece of
material resulting from the dividing of the band may not belong
to the set of the permissible lengths and the last piece consti-
tutes then a waste. The set of numbers expr: ing the permissi-
tle lengths of the pieceé of material into which the band is to
be divided constitutes ofiten 2 numerical interval defined by the
oinimum permissible length bo and the tolerance § .The division
of & band of the totzl length 1 into pieces of the lengths from
the set L_bo,(b0 +6 )] , in such a way that the length of the
last piece either belongs to the set of permissible lengths or
is minimum - constitutes actually a trivial problem. The techni-
cal reality is however in many cases more complicated.During the
cutting processes we often meet 2 situation whne w: know the per-
missible lengths into which the band is to be divided but the
lehgth of the devided band is unknown.

Such a situation occurs, among others, in the cutting proces-
ses in the continous operation type rolling mill in the metallur-
gical industry. In the cutting process in the continous opera -
tion type rolling mills the rolled material is being cut into

s i.e: every time after the .piece of materisal
the required length leaves the

a1, 2 +4 hasnA 13 e mr) e -
this ca2se the band is cut before the comple
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ion of the technological process forming the final shape of . the
band and then we may say that the band does not exist physically.
The diagram of the cutting process on the continuous operation ty-
pe rolling mill is shown in fig.l.

The cutting process on the continuous operation type rolling
mills may be considered as an illustration of the process in which
the length of the band to be cut cannot be determined with an suf-
ficient accuracy because its direct measurement is not possible.
2. Controlling of the cutting processes.

During the last years, at the same time as the d1gita1 devices
and machines appeared in the automation systems of technological
processes, a number of systems for thr automatic controlling of
the cutting processes have been developed '. Their purpose was
to minimize the waste. The basic operations of these systems are
the following : the automatic measuring of the quantities permi-
tting to determine the length of the band, determination of the
permissible lengths of pieces minimizing the length of the waste
or giving the wasteless dividing of the band and the controlling
the operation of the shears that realize physically the dividing
of the band.

Lenoting by U a set of the controlling and measuring devices
in the control system and ty P - the cutting process itself, the
control system structure can be represented as below - fig.2.

On the input of the control device an information regarding
the length 1 of the band together with some disturbance M (that
we shall define in future as an estimation error) are given.

This disturbance characterizes an error when estimating the
length of the band. The output of the contrcl device determi -
nes lengths of pieces into which the band of 2 total length 1

chould be divided, optimal as regards the minimum of waste.Cp-
timal lengths of pieces are defined by a quantiiy b - that we
shall call a controlling vector. The components of the control-
ling vector determine the 1engths of successive pieces into
which the band should be divided.

The variable € 1is a vector the components of which deter-
mine the actual lengths of pieces resulting from the dividing

of the band. The components of the vector ¢ , except perhap

the last component, are equal to the respective componenis o
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The cutting process control systems used in the industry are re-
allzed, generally speaking, by using the specialized digital devi-
ces, or - in some cases - by using the universal computers 2. In
the conirol system the lengths of the band and pieces can be they
expressed as integers. It ics so because these quantities sare sl-
ways charzacterized by a whole number of electrical pulses,and one
unit length, inveriant for a given cutting process, corresponds
to each of the pulses. If we assume that M} = O then a full infor-
mation of the band length exists and the algorithm of the opti-
mal controlling of the cutting process is the following.

Algorithm I

t. L/ % 7/ =1 E/x/ - denotes the function
2. n/b - §/ -1=¢ entier of x
°

3.1 oo : §.2 o< 0
3.1.1 o - ns/%/ =p 3.2.1 bt = b, +8 for i=1...n;

. [reer8s - B2/ 41 for 1=1,2,...8;
3.1.2 b=

/bo*'s/ - E/%/ for 1 =/P+1/...n;

For o )0 the length of waste is |&|, and in case if o0, the
division is wasteless. The computations according to the given
algorithm are being perfdrmed in the controlling device of the
contrel system. The above algorithm of the optimal controlling
of the cutting processes makes sense only in such a case if the
band length is knovn i.e. when there exists a full information
of the cutting process.

We shall assume in further consideration that tpe band lengths

-

satisfy the inequality :
1)3/-—55—/./-o/+/2b0+8,« ne
In such a case the wasteless division of the band is always pos-
sible.
3. Control with the uncomplete information.

The controlling variables in the cutting process are the compo-
nents of the control ve .or which mey be chosen arbitrarily from
the set of permissible lengths. The selection of the values of
vector components decides, of course, of the magnitu-

a
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de of waste resulting from the dividing of the band. To every

band of the length 1 satisfying the inequality /1/ corresponds

a contreol vector constituting a sequence of natural numbers :
B=/b', 0% .. 0% ; viefo ., +87] 5 /1= 1200

such that the value of an expression

W, = (-%bi 2/

catisfies the inequality : :

-5, W, < v, /3
The value GJ, we shall call the deviation of the control vector
from the band length. Of course, for every band length there ex-
ists the control vector for which the deviation Gu‘ satisfies
the inequality /2/.

The uncomplete information regarding the process may be ex-
pressed in the form of the presenceof the prediction error when
estimating the band length. The information about the band leng-
th, accescsible in the control system, we shall call an anticipa-
ted band length and we shalldenote it by L. Let us assume tha t:

L=1+0 /4/
Besides, let us assume that the random variable [ can take on va-
lues being integers from the interval: r-?,A] where :
P00  and Ao and Q*‘) {v, -§ /5/

In the cutting process the deviation of the control vector
from the actual band length should satisfy the requirement /3/
becauge otherwise the cutting process wfbuld end either before
the band is completely divided up, or some number of superflous
"fictive" cuts would be performed in the siiuation when the com-
plete division on the band has already been made.

In connection with that and on the basis of the relations /4/
and /5/, the deviation of the control vector from the anticipa -
ted band lenzth - that we shall denote by CJI'- should satisfy

the inequality :
- lo, -a/ W /> =R/ /6/
The length of a waste caused in result of corresponding the an-
ticipated length to the control vector L :
5 =/, 02 .. 0”7/
fur which the deviation COL sati¢fies the inequality /6/ depends
on the value of the estimation error M as well as on the value
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of the deviation GJL and on the last bomponent b" - of the control
vector b.

A function defining the length of waste for every three inte -
gers /v°, w,, N / where : bné[bo,/bo +S/] 5 ﬂe["Q,)\] and
W satisfies the inequality /6/ will be called a loss function.
From the analysis of the cutting process it results that the loss
function has the following form :

o -7 sor N ey,
b @, ] ¢ng p /
Q[ WA= o for & R e WA, 7
/- M/+6  gor N>wy+ /5" -b/

The loss function can takes values being integers from the range
(o, v, - 177 .
Values G) end b° are "controllable” variables and thus, for eve-
ry band of a length satisfying the inequality /1/ these values
can be determined a priori and the control vector b = /b R < /
for which:
i 2;; , v =Wy and b
exist in every case.

A control vextor for which NL =@ and b® = b’ cen be found
on the basis of an algorithm I.

Thus the problem of the controlling of the cutting process cen
be reduced to the selection of the deviation and of the last com-
ponent of the control vector, in conditions of the existance of
the non-controlled disturbance in the form of the estimation error.
The guality of the control, i.e. the consequence of selecting the
concrete values of the pair "deviation, last component” - is defi-
ned for every value of the estimation error by the loss functicn.
The problem of controlling of the cutting processes with the un -
comclete information of the process can be considered as a discre-
te controlling of the object of the following form, (fig.3).

The purpose of the cutting process consists in the minimization
of the waste measured by the loss function. A4 rendom variable
is a«n independent variable of the loss function. In connection
with that, the loss function for every pair of fixed values @ L
anéd v® -is a random varisble.

If the probability distr ution of the estimation error is

v



unknown, the conception of the game against "nature"™ is assumed
for the analysis of the problem. As the optimization criterion
we choose then the minimax criterion consisting in the minimize-
tion of the value of the expected value of the loss function in
the situation in which "nature” tries to maximize that value.Be-
fore attempting to define the model of the game let us note that
the loss function and the values bn} Wy and M take values of
the finite set of integers.
Consequently the values of the loss function can be treated

as elements of a matrix. We shall introduce, because of that,
the following denotations that will facilitate the further ana-

lysis :

W o= /v -A/+d
A = /A+1/-x /8/
° = By #

and
A+R+ 1 =n; bo,A,lz = const.

The variable "i" characterizes the deviation of the control
vector from the anticipated band length L, the varisble "j" de-
fines the difference between the value of the last component of
the control vector and the value of the minimum permissible
length of the pieces, while "k" is a randem variable of discrete.
type characterizing the value of the estimation error.

From the definition of the components of the control vector
and the set of values of the estimation error as well as from
the inequality /6/ it becomes :

1 €{1,2, ... /20, - o/} 79/
e {01, .«,§} o A9
€ tr5e, i WY /11/

The loss function expressed throughf variables /i,j,k/ has
the form :
/i+x/=/o +1/ for i+k Db _+1
S;? n -r‘ ¥ 2 ¥ S
/o ,UL,n/ =\ /1i,5,k/ = O for /bo+1/~3\<1+k\<bo+1
/i=V\/+/i*k/  for 1i+k (/bo+1/—j

he problem of controlling of the cutting processes in the
case of uncompleie inforzstion of the process can thus be inve-



It has been assumed thet the control device U plays against
a Tiction adversesry P, who charcterizes the process., The U-pley-
er can select any pair of numbers /j,i/ of elemente "j" mnd "i”
satisfying the reletione /10/ and /39/. Bvery pair of numbers/j,i/
ie 2 pure stratzgy of the U-player. The P-player can make selec-
tion between all numbers "k" satiefying the relation /11/.

The quantities "X" are pure strategy of P-player. Haéd the
U-player selected a strategy /j,i/ end the P-player - a strate-
& k, the loss of the U-player or the gain of the P-player will
be Getermined by the value r/j,i,:k/. The selection of a strate-
& /3,i/ by the U-player and a strategy k by the P-player means,
that in the control system the anticipatedband length L sytisfy-
ing the condition /1/ corresponds the control vector of the last
component equal to /v *j/ and of the deviation [—/b -A/ﬁ.] in
the situation when the estimation error value is [/)ﬂ/ -k].

The choise of the control vector is made by the control devi-
ce for which the information regarding the value of. the estima -
tion error is not accessible.

~ The matrix of game for the U-player contains /78 +1/./20-8/ 11~

nes and "o" columne. Values of the loss function with a "minus "
sign constitute elements of the game matrix. If we arrange the
elements of the set of strategies of the U-player lexicographi -
cally and mark them with the succesive cardinal numbers and if
we arrange the elemente of the set of strategies of the P-player
after the minority reletion, then the play matrix can be written
in the form :

e & /13/

Cs

where C denotes the matrix :

c,5=| " £3=1,2,000,/20 /3 k= 1,2,000,m /
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where : .
e, = - WIRRY, L3503, ooey BL ’
The strategy "k" corresponds to the column with ngumber  "Xk"
while the strategy /j,i/ which is the sth element of the arran -
ged set of U-player strategies, corresponds to the line with num-
ber "s". Mumbers expressing the gain of the U-player /length of
the wass$e with minus sign/ for different pairs of strategies
T/3,i/,k are the elements of a game matrix.
On the basis of the dominance pr#nciple known from the theory
of games, the game matrix /13/ can be reduced to the m-dimensio-

nal Hankel’s matrix of a form :

A = I askl /8= 1,2,0e0,m3 k= 1,200,035 /£V4/
where :

P o I"[S, /bo ~-§-no+s8/; k]
From this and from /8/ it results that the optimum value of the
last component of the control vector /from the point of view of
the waste minimization/ is a constadp value :

2 = b, * §

and thHat the "advantageous" from that point of view deviations

are deviations of the values from the set of integers :
{~/8+0/ 001,05 41, oo, +/X-87} : 215/
The way of selection the deviations @  from the set /15/ de-
fines the solution of the game A. If the diameter of the interva-
le of the changes of the estimation error is not greater than the
tolerance & , then the game A has 2 saddle point and the number
/A=-8/ is an optimum value of the deviation. In such a case the
division of the band is always wasteless. On the contrary, when
the diameter of the interval of the change of the estimation er-
ror irs greéter than the tclerance, the game A is completely ran -
iomized and the optimum - in. a minimex sense - decision rule is
constituted by the minimax stifategy :
= /'.(?,Xg, von K3y sre Rofy M= p[wf -M+8+1/+ 1]
iefining the optimum probability distribution in the set of the

"advantageous" deviations. The average length of the waste is de-

fined by the game value /for the P-player/ which ie constant and
- 2
yays greater zero 7,

— 7 . natwle ) a 8 Poant 4 s
1 O he matrix A4 and the faci that

g g £ =
Jecause oI e

nized, the solution of the zame car

tand P wt Fheourt e Ity - 3 ez - e cem
Flais g 2Ces8s1t inversing ue g3me
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Batirix.

In the case in which the probability distribution of the esti-
mation error is known and defined by the vector :
BRI, v X, e O 4 = P[M=/A 0/ ]
the problem of minimizing the expected value of the lose func -
tion can be formulated as the solution of the game given hy the
single-column metrix a form :

B = "bs'l /s = 1,2, vee u/; 716/
where: :
b & i IR
sl =1 sk k

It is evident that such a game has always-a non-randomized op-
timum strategy, easy to be determined by comparing the elements
of the metrix /16/.

Besides of the minimex principle and the criterion of the wi-
nimizetion of the expected velue - to the selection of the devis-
tion can also be applied cther decisive criteria, e.g. Hurwic’s
criterion, Laplace’s criterion etc.

5« Digital structures for the cutting control with uncomplete in-
formation.

On the besie of the derived stratégies, the algorithme of the
optimal control of the cutting processes can be formulated for
such a ca2se when the probability distribution of the estimation
error is unknown as well as for a case when this distribution is
a priori known. The comparison of the minimax strategy and the
strategy minimizing the expected walue of loss function leads to
conclusion that the respéctive algorithms differ only by the way
of selecting the value of deviation. The basic scheme of the con-
trol algorithms is identical for both cases that are being analy-
zed. Its form is the following :

Algorithm II
l. % —GﬂL = tl

2- t’ - /b0+8/ i t2

3. E/—F—ﬂ/
e}
. /n=4//v0 +87 - v, =t

oH
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t
o, +6/ - x/—,eZ-,—/H for 1 = 1,2,000,8, 3
6o bt =</b +8/ -m /2p/ for 1= [ M/, /om1/5
/b, +&/ fori=n

If we use the minimax algorithm, then every time before the di-
vision of the anticipated band length L, we make the random expe-
riment in which we divide the set of possible results into m mu-
tually independent events the probabilities of which are /X?...i:/
and to which we allocate deviations "/'2 +5/ R - -3/, regpec-
tively.

The result of the experiment may be only one definite value i&
from the set of advantageous deviations. This value we  subtract
from the anticipated length of the band and we divide so obtained
length without the remainder into the pieces of the lengths from
the set of permissible lengths.

The algorithm minimizing the expected value of the loss func-
tion has the forme identical to that of the minimax algorithm
with that difference that from the anticipated band length 1s in
every case subtracted a constant value LoI’correeponding to the
optimal deviation.

The digital structure realizing the minimax algorithm of the
control consists of : the computation block, the generating btlock
of random numbers and the storage block. The functional connec -
tion between the parts listed above and the remaining parts of
the control system is illustrated in Fig.4. :

In the computing blocK, operations are performed according to
the minimax algorithm. The anticipated bandlength and the devia-
tion of the control vector are determined for every band subject
to be cut respectively in the bandlength prediction block and in
the generation block of random numbers with a distribution cor-
responding to the minimex strategy. The minimax strategy compo -
nents and other par;meters necessary for the realization of the
alcorithm are stored in the storage block. Signals of the star -
ting and ending of the cutting are generated in the real time
block. Optimal components of the control vector are sent from the
couputation block to the shears control block. The bandlength
prediction block, the real time block and the shears control block

are the systems the structure of which depends on the type of
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the consrete cutting process. The structure of remaining parts is
defined by the control minimsx algorithm.

The computation block can be built on the typical logic element:.
The storage block can be reelized as the memory of the constants
because at the process controlling there is no necessity of chanz-
ing the contents of the storage cells. For the generation of ran-
dom numbere, typical sisnal generating devices can be used on the
basis of the physical phenomena of the random character such as
noises in the electronic valves, decay of radioactive materisl etc.

These dsvices generats in general signals with the uniform di-
stributiorn so tiat when using them then arises the necessity of
transforming the probability distribution of the generateé sig-
nals. This transformation can be perlormed in the digital way in
the structure computation block. The digital structure that res-
lizes the algorithm minimizing the eXpected value of the loss
function consists only of two blocks : the computation block end
the storage block. The construction of the computation block is
the same as that of the computation block of the minimax structu-
re. The storage block can also be resolved as the memory of con-
stants the capacity of storage being however in that case much
smaller.

6. Conclusions.

The minimax glgorithm and the algorithm minimizing the expec-
ted value of the loss function cen be used in the systems con -
trolling the cutting processes when the information is uncbmple-
te. The system controlling the cutting processes based on the a-
bove algorithms are namely characterized by much greater con-
trol efficiency than the deterministic systems: based on the al-
gorithm I. Assuming the uniformity of the probability distribu-
tion of the estimation error, the dependance of the average
length of the waste /when cutting one single band/ on the die-
mater of the range of variations of the astimation error is ,
for the particular algorithms, the following (fig.5).

Already at relatively small estimation errore, the aversge
length of waste occuring when applying algorithm I is several
times greater than the aversge length of wacte for the minimax
algorithm. It ie alsc worth-while to point eut that the losses

1

occuring when applying the minimax a2lgorithm are indepencent of
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the probability distribution of the estimation error se that .in
the properly designed control system the losses cannot be grea -
tar then those for the minimax algorithm.
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Fiz.2. Cutting process control system structure.
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Fig.4. Control system.

Denotations : PC = cutting process, BPD - bandlength predie -
tion block, BCR - actual time block, ESN - shears control bloek,
C - digitel structure, BO - computation block, BCL - genera -

tion block of random numbers, 2P - storage block, P -

crerator?s
desk,

Qo) be?23lu §2itu ALg.I

min-max




