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"EAeyyoc Katavoung ®@optiov o¢ IloAvkivintipro Xvotnua
XapTtoromTikic Mnyovis — Avaiven LToTiKnS Kot
AVVOUIKN G XOUTEPLPOPAS

K. MIXAHA
Mnyovorodyog - Hiektporhdyog Mnyavikdg

Hepiznyn

2ty gpyacio avth kat’ apynv mpoteivetal pio uéGodog eAéyyov tne
Ae1tovpyiog 100 TOAVKIVIITIPIOD GVOTHUATOS TWV YOPTOTOWTIKWOV
LIYaVOV, TO 0TT0I0 KOTG KOVOVO. OTOTEAEITOL OO KIVHTHPES TOVE-
XODUG PEDUATOC EAEYYOUEVOVS ATO NAEKTPOVIKOVS LETATPOTELS 100~
0G 00NYOVUEVOVS OTTO TPLPATIKS OIKTVO. 2TH GUYKEKPIUEVH TEPI-
TTWON TECTEPIS KIVHTHPES GOVEXODS PEDUATOS 00NYODY 000 TPETeS
Kou £va oteyvTiKo tourovo. Ilpoteivetor Eva odoTHO AVTOUGTOD
eAéyyov uéow tov omoiov eléyyetar n oploloyiky katavoun Tov
LIYOVIKOD QOpTiOD GTOVS KIVATHPES OVAAOYO. [UE THV OVOUOOGTIKH
700G 10)0. ZOUPWVa. e TIC OTOITHOEIS TOV YOPTOTOINTIKOD GOOTH-
Hazog drokpivovrar 000 paoceig Asttovpyiag. Katd v mpaotn pdon
00O KIVHTHPES GUVEXOVS PEDUATOS 00NYODY 000 TPETES, ywpIS va
EUTAEKOVTAL JLE TO OTEYVOTIKO TOUTOVO, TO OTOI0 00NYElTAL OTO 0DO
dAhovg kivntipeg ovveyois pedpatog. Otay ta 000 oVETHUATA TVY-
XPOVIGTOVY, TOTE apyilel n 0sOTeEPn PAGH, OTOV T0. OVO TOPATAV®D
TUUOTO, EUTAEKOVTAL UNYAVIKG, OTPEPOUEVD, OTOLDTWG UE TNV 010,
ypoyyarh toydTnta. To KIvoduevo vypo yopti EpYOUEVo o€ ETaP Ue
70 Oepuo oteyvwTind toumavo Enpaivetal kol Katomy ToAlyeTol VIO
HoppR poLov yia Tny Tedikn Tov ypron. Anlady, o’ avth ) Proun-
JOVIKN TOPAYOYIKY O100IKOCIO EYOVUE EVO, TOVODOGUO VPOUUIKNS
Kl TEPLOTPOPIKNS KIVIIONS VLA TH UOPPOTOLNGH TOV DYPOL pOALOD
XopTioD Ko ot avvéyela yio. v ¢Hpaven tov. H mpotervouevy
Hébodog aroyever oTov aKpIfn EAEYYO TS KIVITIKNG GUUTEPIPOPAS
WV 000 TUNUATWV GOVTOVICOVIOS TH AEITOVPYIo TWV TPECOV KOl
TOV OTEYVOTIKOD TOUTAVOD. AOY®m THG SOUNS TOV GLATHUATOS EIVaL
OVATOPEVKTES UETOPOTIKES KOTOOTAOELS, Y1’ OUTO OTHV TOPODOG
EpYOTI0, OIVETAL LOLAITEPO PGPOog oTNH OIEPEDVHON THS OTATIKNG KOl

OVVOUIKNG COUTEPLPOPAS GVTOD.

1. EIXATQT'H

Mia yopToOTOMTIKY HUNYXOVY OTOTEAEITAL OO TEGGEPQ
Tunpota, Onwg eaivetar oto Zynua 1. o v katavonon
™G Ag1Tovpyiog TOV KIVNTHPLOL CLUGTHHATOS AKOAOVOEL pa

A. ZAODAKAX
Kabnynmg [ovemompiov [atpodv

EKTEVIG TEPLYPOPT] TNG XOPTOTOMTIKYG punyavng. To mpo-
TO TUNHO TNG YOPTOTOMTIKNG UNYOViS OVOpRALETOL TUALLO
Hop@omomTh Kot 6° avtd oynuotiletar to yapti oe popen
Bpeyuévov e IeptrapPaver d0o mhaoctikd TAEypato (To
TG KO TO UTPOCTIVO), £VaL LETOAALKO POAO TOV OvopaLeTat
POXOG LOPPOTTOUTH], OEKO GALOVG PKPOTEPOVG LETUAALKOVG
porovg Kkat 1o Kifmtio pong. Ta dvo mAéypota “aykaidalovy”
o’ éva 10&0 mepinov 150° o petaAiikd poAo kat givor Tavy-
OoUéVO Y10 VO [T UImopovv va oloBaivouy mave 6’ autov.
O peTAAMKOG POAOG TOV HOPPOTOINTY| TEPICTPEPETOL LECH
evig peloTpa amd Evav Kvntpa cuveyovg pedpotoc. To
KIB®OTIO pong €ivoL VO TETAATUGUEVO OKPOPVGLO TOV EKTO-
Eevel vepo pe Peyain tadTnTa.

O oynuatiopog tov xoptiov apyilet pe mv ektdéevon
a6 1o KIPMTIO pong piag déoung vepov (otny vmd depedvn-
o1 YOPTOTOMTIKY Unyavr| &xel unkog 2,80 m), Tov mepLéyet
tveg yaptiob ot meplektikotnTo 0,2% (dnA. 2 gr vév yoptiod
oe 1 1t vepov) [19]. H déoun vt npoomintel petald tov
dvo mheypdtov Kabdg avtd kivovvtar (onueio A, Zyqua 1).
To vepo padi pe éva peydlo T0606TO VMV SLOTEPVE TO THOW®
TAOOTIKO TAEYLLOL KO AITOLLOKPOVETOL, EVA 0L VITOAOUTES 1VEG
eykhofifovtor petald tov 6o mAeypdtov kot 6o amote-
Aécovv to yapti Tov Ba mapoyBel. Ot iveg Tov TapEpEVOY
peta&d Tov 00 TAEYUATOV TPOGKOAADVTOL TAV® GTO UTPO-
OTIVO TAAGTIKO TAEY L.

AkoloVB®G TO YapTi LETAPEPETAL LE TNV TAVEO TAELPA
TOV UTPOCTIVOD TAACTIKOD TAEYLOTOG GTO SELTEPO TN
7ov glval To TUMpO TV Tpgcdv. To Tuqpa avtd amoteAei-
Tal omd dV0 TPECEG, TNV ATOPPOPNTIKN KoL TNV “TLOAY”
TPECO, TOV £YOVV HOPPT POAOL, TNV TGOy 1 omoio givat
TOMYUEVT] OTIG dVO TTPECEG, LIt GLOKEVT KEVOD Kol HEPL-
KOVG GAAOVG KpOTEPOLG pOAOVG. H amoppoenTik mpéca
elvar évag Petadlikdg pOLOG EMEVOVUEVOG [LE EAACTIKO KOl
SLATPNTOG Y10 VO UTTOPEL VO, ATOPPOPE CTLLOVTIKEG TOGOTN-
TEG vePOD, £T01L MoTe va fonbd oty ENpavon Tov xapTiov.
H dAAn ovopdletar “tvAr)” mpéca, S10TL G GUYKPIOT| LE
NV TponyovueVn Tpéoa dev £yl kaBoAov oméc. Eivar kot
avt €vag UETOAMKOG pOAOG EMEVOLUEVOG HE EAACTIKO.
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Bonbad kot avty oty Efpavon Tov xoptiov, oAAE o TOAD
pikpotepo Padpo.

To pmpootivd mAéypo Kot 1 TodYo EPATTOVIOL G €va
Tunqpa wepimov 20 cm (Zynqua 1, onueio B ). e avtd to
TUNUO KO TAVE 0o TNV 160 LITAPYEL Lit GLGKELT] KEVOD
(dev oivetat) Tov avoppoPa LECH TNG TGOXOS TO XOPTL Omd
TNV TAV® TAELPE TOL TAEYHOTOG KOl TO TPOCKOAAR GTNV
KGTo TAeVpd TG T60Y0G. 'ETo1 T YopTi petapépeTor amd v
TAV® TAELPA TOL UTPOGTIVOD TAEYLOTOG GTNV KOT® TAELPA
™G T60Y0G.

C1UEIDOVETOL OTL 1) YPOLLUKT] TOYVTNTO TOL TAEYUOTOG
TPENEL VoL Etvar {om e TNV YPOUUIKY ToOTNTO TNG TGOS,
AoV mepacel to yapti oty 166 6t0 onpeio B, petapé-
PETOL ATTO QTN OTIV OTOPPOPNTIKT TPESA, OOV AOY® TG
avoppoOPnoNs 1o YapTi amoPfAALeEl ONUAVTIKEG TOGOTNTEG
VvEPOL. X1 GUVEYELD TO YOPTL GLUTIECETAL GO TNV ATOPPO-
ENTIKN TPEGA TAVH GTO GTEYVAOTIKO TOUTOVO 6T0 onpeio C
Eyuo 1). Enedn to oteyvotkd toumovo givar (goto, TO
YOPTL TPOGKOALATOL TAV®D GTNV EMPAVELD TOV. ATTO TO OT-
peto owtd apyiet n Efpaven tov.

To tpito Tpunqpa elvan gkeivo, 6mOL TO YOPTL GTEYVOVEL
Amoteleitol and €va oTEYVOTIKO TOUTOVO Kot dVO YOAVEG.
To yopti Enpaivetor epyOlevo o EMOQPN LE TNV EMPAVELN
0V Beppod oTEYVOTIKOD TVPTAVOL (Tepimov 100 °C) ot éva
10€0 270°. To oteyveTIKO TOUTAVO €ival VoG METOAMKOC
KOAMVOPOC, 0 0TOl0C TEPICTPEPETAL HECH VO KIVITHP®V
GLVEYOVS PEVUATOG LE KOV HEIWTHPA KOl LEGO GTOV OTOio
KukAo@opel atpdc vd wieon 6 — 8 bar yuo ™ Béppavon Tov
(mepinov otovg 100 °C).

To yopti ot cLVEKELD TEPVA Od TNV “TVPA” Tpéaa. [Tio
TAvV® €ivot o1 YoAVES, Ol 0TTOlEG KOADTTTOVV PEYGAO LEPOG TNG
TEPWETPOV TOV OTEYVAOTIKOD Tupmdvov. Tlapéyovv (eotd
aépa. e HEYAAN TaYVTNTO KOl £TGL GUVEICQEPOVY KO OVTEG
oV ENpaven Tov yoptiov. Me avtdv Tov TPOTo TO XOPTi
Enpaivetat kat 1 vypacio Tov TEETEL 6T0 6% TEPITOV VA~
Aoya pe Tov emBountd tomo yoptiov. To yapti mAéov Enpd
OTOLLOKPVVETOL OO TO TOUTOVO pe pio petaAlikn Evotpa
Eymua 1, onueio D), n omoia miéleton Tvm 610 OTEYVOTIKO
Toumovo amd €vav oagpobdrapo. H Stadpopn tov yoptiod
0t0 TO GYNUOTIGUO TOV PEYPL TNV TEPITOMEN TOV VTIO HOPON
poOLov paivetal oto Zynpa 1 pe évrovn povpn ypoppn kot m
dwadpopn| mov axkoAovdei eivar 1 ABCDE.

To TUAHO TOV TOAVKIVITPIOV GLOTHLOTOG TNG YAPTO-
TOUTIKNG UNYOVIG TTOL K TOV POAOL TOV OMOTEAEL TO KOPLO
HEPOG TOL KIVNTNPLOV GLGTNHHOTOC KOl EPEVVATOL GTNV TTOL-
povca gpyacia, lval To GTEYVAOTIKO TOUTAVO KOl O TPECEG.
To oteyvmTiKG TOUTAVO 03N YEiTAL LEG® EVOG KOLVOD LELMTY]-
po and tovg kvnpes K, ko K. Ot npéoeg odnyodvrar and
Tovg kvnpes K, kot K, avtictoryo.

ApKeTEC OPEC KOTA TO EEKIvNLoL TG XOPTOTOTIKNG
UNYOVAG Kol E01KA KOTE T1 CLUTIEST] TOV TPECHOV TAVD
070 OTEYVOTIKO TOpTavo gpeoviletal éva cofoapd TpoPan-
po COLQOVA LE TIG EUTELPIES A0 TN AELTOVPYIO GLGTNHA-
TOV TOPoy®YNS xapTiov. To cuvoikd pnyavikd optio Tov
KWVNTNPLOV GUOTNUATOG OEV KOUTUVEUETOL GOOTH KOl OTO

V0 TUNALOTA, [LE ATOTEAEGHA TO VO TUMLLO VO TOPVEL OAO
T0 POPTio KO VO vITEPPOPTOVETAL. To TUNUO TOV TOipVEL
6A0 10 QopTtio elval ekeivo mOL KOTA TN OTIYUN TNG OL-
UTiEoNG TV VO TUNUATOV Eiye TNV MO UEYAAN YPOLUIKT
tayvta Mia dtagopd 0,5 % o 1 % oty TaydInTe TOV
00 TUNUATOV PTopel Vo TPOKAAEGEL OVTO TO TPOPATLLOL.
OvclooTIKG TO TUNHO EKEIVO OV €lxe TN HeYoAVTEPN TO-
YOTNTO TAPUCVPEL TO GAAO TUNHA. AdOY® TNG UNYOVIKNG
EUTAOKNG TOV OV0 TUNUATOV HE OLUPOPETIKES YPOUUIIKES
ToOTNTES, M TOYVTINTA EKEIVOL TOL TUNNOTOG OV €lxE ™
pkpotepn tayvTnTa (TPv amod T cvumieon) ovéavet. ‘Evag
ELEYKTNG TaOTITOG TOL VITAPYEL OTO GVGTN O EAEYYOV TOV
TUALOTOG aLTOV (He TN HIKpOTEPN TOYVTNTA), AOY® TNG
avénong g taydTNTeG TAVE omd TV EXOLUNTA TN, HEL-
@vel 1o péyebog €600V TOVL, e amoTélespa Vo pelBEL TO
PEVLLO GTOVG OPOUEIG TV SVO KIVITHP®Y GUVEXOVG PEVLLOL-
TOG TOV TUNROTOG avtov. H petafon tng taydtnrag, Opwc,
TOV TUNUOTOG HE TN HKPOTEPT] TaXOTNTO dEV aKOAOVOEL TN
peimon Tov peOUATOG AOY® TV LEYAA®DY POTAOV AdPAVELNG
mov €yovv ot meplotpepopeveg pales. To amotérecpa &i-
vt vo. e&akolovBel va vtapyel opynTikn dopopd PETOED
emBuuN TG KoL petpovpevng tavtntag. 'Etol o eleyktig
TaOTNTAG HELDVEL OKOUN TEPLOCOTEPO TO PEVUA TOV dPO-
HE®V TV VO KvnTNpov. Avt) 1 dtodkacio A0Ym TG un
pelmong TG TayvTNTOG TOL TUAHATOG ovToV cuveyiletat,
pe amotélecpa va UndevifeTol To PeLIO OTOVG OPOLElg
TOV KWNTHP@V. AvTod €ival artio VIEPEOPTMAENG TOV AAALOL
TUAHOTOC. Avtd cvpPaivovy péca o eAdyLoTO Ypovo (TNg
TAENG OEKAT®V TOV SEVTEPOAETTOV).

To veppopTOEVO TAEOV GVOTNHO GTALOTA Yo AOYOUS
TPOCTAGIOG TOV KVITHPOV 0o vrepBépavan, d10Tt ovtol
dev glval og BEom va AELITOVPYHGOVY VITEPPOPTOUEVOL Y10,
peydro ypovikd didotnpa. To yeyovog ovtd opeiletar otnv
EALEWYN KOO0V CLGTANATOG EAEYYOV TNG KOTAVOUNG TOL
GLVOAIKOD (QOpTiov HeTa&d TV 800 TUNUATOV. Xvvifog
otV TPA&N pe AALETOAANAEG OLOKOTES KOl ETAVEKKIVIIGELS
kafiotatal SuvaTt KATO AOYIKN KOTAVOU QOPTION GTOVG
KINTHPEG GLUVEXOVS PELILATOG, ¥OPIg TOVTO Vo anotelel pilL-
K1 OVTILETOTLOT TOV TPOPANLOTOG.

Yty mapovca gpyacio kabopiletar puo Aoykn eEAEyyov,
ov eEoo@ailel TNV 010 YPAPLUKT] ToOTNTO GTO TOUTAVOL
T,, T,k T,, 6tav o1 tpéceg dev acKovV MECT TAVM GTO OTE-
yvotkd Touravo. Otav o1 Tpéoeg aokovV mEoT|, TPEMEL OL
kvntpes K, K, K, kot K, vo cuveispépovv 6 cuvolikn
POTN QOPTIOL AVAAOYQ LE TNV OVOLOCTIKY Tovg pomn. Kot
oTIG 000 PACELS AetTovpYing o1 300 KIvTHPEG KAOE TUNIATOG
TPETEL VO GUVEIGPEPOVV TO {10 GTO POPTIO AVTDOV TOV TUT|-
patov, pe v tpobndbeon OTL ot KivnTpeg og KGOe T
elvar idtot peta&d Tovg, N TPEMEL VAL GUVEIGOEPOLY POPTIO
OVAAOYO TG OVOLOGTIKNG TOVG POTNG, GTNV TEPITTMGCT) TOL
ot Kvntpeg dgv givar id1ot peta&d tovg. Opmg 10 T0600Td
TOV POPTioV UETAED TV dVO TUNUATOV Kol HETAED TV dVO
KynTipov Tov 18100 TUAHOTOg Tpénet vo., aAAA(EL, €6V ou-
vIpéxel KAmolog coPapdg Adyog (T.y. HELOUEVOS 0EPIOUOC
Yyoéng o€ £va KiynTipa).
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2yniua 1: Baoiki doun [iog yoptomoitikig unyavis Kai Tov KIviTipiov oOOTHUOTOS THG.

Figure 1: Basic structure of a paper machine and its drive.

To oTeyvOTIKO TOUTOVO Kiveiton pe dVO KIVNTNPEG OL-
veXOUG PEVILOTOG, O OTToi0L Eival GLVIEdEUEVOL e €va KOWVO
LEIOTAPA, PHECO amd TOV OTOi0 TEPVA 0 AEOVOG TOV OTEYV®-
Tikob Topmavov. Kabe pio mpéoa kwveitan and éva Eeympiotd
KIVN PO, TOALyovTOL O Kot ot 800 pe TV id1a Tadya, 1) oToia
gtvai TavoopévT viova, £T0L OOTE va PNy epeovifeton kapio
oAMoBnon otig mpéoeg (Zynua 1). H 166y eival ovolootikd
évog 1avtag, mov cuvdéel Tig dvo mpéceg. Emedn o avtog
aVTog glval TAATVG GE GUYKPLOT| HE TO YOG TOV, dEV Eivot
eAaoTKOG. 'ETol n ypoppukn toaydmta tov S0 Tpecdv &i-
vou dwo. Tpwy yiver n ovpmieon, mpémetl va €yl emrevydei 1
Ot YpoLKY ToyOTNTO Kol 6To 6V0 THALOTO, OL0POPETIKA
Bo Kotaotpapel 1 TOOYO. XTO KWNTNPO GOGTNUA LE TNV
mpoteOevVn doun, Kibe KivnTpag TpoPodoteital and pio
eamaApukn yépupa pe Bupictop. Oleg o1 YéQupeg anTég givort
GUVOEDENEVEG LLE TO DEVTEPEVOV EVOG LLETAGYNLLOTIOTH 10YVOC.
To YopaKTNPIGTIKA TOV KIVNTAPOV KOl TOV HETACYNUATIOT
1600G 0G TUTTIKNG OPTOTOMTIKNG UNYAVIS paivovtal 6To
Hopdpmpo A. Ztig unyovég owtod Tov €idovg 1 HEYIOT
Ypopk” ToyvTnTe cuviBog ivar 1.500 m/min.

Ye Oépata mov aeopolv oTn HeAETN TOv €AEyyov Pi-
OUNYOVIKOV GUCTNUAT®OV YOPTOTOMTIKMOV UNYOVAOV OVOL-
eépovtal ot epyacieg [13] kan [14]. EwWdwotepa oe Béparta
TOAOVTOCEDV TOL ELPAVI{OVTOL G’ QVTA TO. CLCTHLLATO OVOL-
oépovtar o1 gpyacieg [11], [15] xon [16].

To ) pekém g mpotevopevng nebodov avTIHET®-
TONG TOV TOPOTAVE TPOPAUATOS TOL TOAVKLYNTIPLOV
GLGTNIOTOG YIVETOL L0, LOVIEAOTOINGT KOl GTN GUVEXELD
eopoionon oe H/Y pe t Ponbewa tov Aoyiopikov MATLAB

/ SIMULINK. Zyetwkd 0époto Exovv peretnbei Kot otig ep-
yooieg [1] ko [2]. Me v e€opoimon diepguvatat dte&odikd
1N GTOTIKH Kot SLVOLIKT] GUUTEPIPOPE TOV TOAVKIVITIPLOL
GLGTNIATOG Kol £TGL SOMICTMOVETUL 1] ATOTEAEGHATIKOTITO,
g mpotewvopevng nebodov eréyyov. Emiong eetdleton 1
KOTAGTOGT, OTOV GUUBOVV KATOLO XOPUKTPIGTIKGE QUM
TOL GTOVG NAEKTPOVIKOVG HETATPOTEIG 10YDOG.

2. XYMBOAIXMOI

:Thon  Spopén  KIVNTHPOV  GTEYVOTIKOD
TOUTAVOUL,

u,(i=1,2)

u, (i=3,4) : Thon dpopén KVNTHP®V OITOPPOPNTIKNG
KoL “TUPANG” TPEoag,

u, (i=1, 2) : emayopevn Taomn dpopéa TV 600 KvnTN-
POV GTEYVAOTIKOD TUUTAVOV,

u, (i=3,4) : EMAYOLEVT) TAGT OpOLEN KIVNTIPO OTOPPO-
ONTIKNG KAl “TUPANG TPECAG,

I, (=1,2) : pedUA OPOUED TV KIVITIHPAOV TOV GTEYV®-
TIKOV TUUTAVOUL,

I, (=3,4) : pedpa Opopéd KVITAPO OITOPPOPITIKNG
Kot “TUPANG” TP,

R, (i=1,2) D OUIKT avtioTtaon Spopén TV KvnTpov
TOV GTEYVAOTIKOV TUUTAVOD,

R, (i=3,4) D OUIKT avtioTooT dpopén KvnThipa amop-

POPNTIKNG KOt “TUPANG” TPEGC,

L.G=1,2) : OVTETOY®OYT] OPOHED TOV KIWVNTNP®V TOV
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GTEYVMOTIKOL TUUTTAVOUL, 0, o, I YOVIOKT] TOyOTNTO TOL GEOVO TV KIVNTNI-
L, G=3,4) : OVTETOY®OYT] SPOUEN KIVITHPA OTOPPOPN- POV TOL GTEYVOTIKOD TUUTAVOV,
TIKNG KO “TOPANG” TPECOG, O O I YOVIOKN TOOTITO TOL GEOVA TOL KIyNnTipa
Te, Te,, T, : MAextpopayvnTikt] port] kKvnmpov K won NG OTOPPOPNTIKNG KOL “TOPANG” TPEGAG,
K, ko1 pont] goptiov oteyvott kov topmd- 0, 0, : Béon afova KvNTAPA OTOPPOPNTIKNG KoL
VoV 6ToVG GEoveg Tmv kvntipov K| kot K., “TLEANG” TpEoag,
Te,, Te,, TlD : NAEKTPOUAYVNTIKT] POTT KIVITHPO OTOPPO- @, ©, : YOVIOKT] ToOTNTO TOL GEOVa LETE TO HEI®-
ONTIKNG TTPECAG, “TVPANG” TPEGOG KOl POTN TP TNG ATOPPOPNTIKNG KOl TNG “TUPANG
POpTiOL TOV TPECHV, TPEGC,
I, 9,7, : por} adpdvetag twv kivntipov K kot K, van® Pyan : Béom Kol YoVioKT ToyuTTe GOV OTEYV®-
KOl TOV GTEYVOTIKOV TUUTAVOL OTt®G “Qoi- TIKOV TUUTAVOUL,
VETO OO TNV TAEVPA TOV KIVITHP®V, O,D,0, D, : payvnTIKH POt UNYOVOV GLVEXODG PEOUATOG,
S S : por} adpdvetag twv kvntipov K, ket K, D, D,, Dyan : OLGLETPOG OTOPPOPNTIKNG, “TUQANG TPE-
Kot TV 000 Tpecmdv pali, pe avapopd otov GOG KO GTEYVMOTIKOL TOUTAVOU,
a&ova piag €€’ avtav, i,i, iyan : OY£€0T] LETASOONG HELMTAP®V OTOPPOPN-
Jya.n : pOTN 0OPAVELOG TOV GTEYVAOTIKOD TUUTAVOL, TIKNG, “TVOMC TPECAG KOl GTEYVAOTIKOD
le‘,m : pom POPTIOL TOL GTEYVMOTIKOL TLUTTAVOUL, TUUTTAVOV.
Tlsys, s : POTT GLVOALKOV POPTIOL KoL POTTT AdPAVEL-
0 OTEYVAOTIKOD TUUTAVOV KOl TOV TPECDV 3. MEOOAOYX EAEI'XOY
HE avoeopd Tov AEOVE TOL GTEYVMTIKOD
TOUTAVOU,
C,C,C,C, :otafepéctov unyovdv cuvexods pedpoTog, H mpotevopevn d1adikacio EAEYYOL TOV TOAVKIVITHPLOV
0,0, : Béon Gfova TV 000 KIVNTAPOV TOV GTE-  GLOTHHOTOG YiveTol Kotavonty pe tn Ponbeia tov Zynud-
YVOTIKOV TUUTAVOL, Tov 2 Kot 3. Mdvo o évag and tovg 600 KIvnTipeg o€ Kabe
o m o o e e e
i TUI IO, CTEYVOTIKOD Kﬁplo; ‘
| TOURAVOD eheyKTig Kvnnpos .
i .\ PEOLLOTOC TULTTAVOL
i EAEYKTIG 4_?" (e il T@T
! TOYOTNTOG |
povada kabopiopon - _ |
YPOVOV ETITAYVLVONG : _‘f = ) SSUTSE)OG _
Ko emPpaduveNC : S)“C;Yng KwnTpag z.
: pedLOTOG TOULTTAVOL
|
i —lEIi‘]"— [l il @=
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ovapopa T : UG POPTIOV 6TOVS VT
otadepi : b0 KvnTiipeq P
ToOTNTOG L e b VITTTIPOLS 2.
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Zynua 2: Ag1tovpyko S1aypoio. ToD COOTHUOTOS EAEYXOD, OTAV 01 TPETES OV TELOVY TO TOUTOVO.

Figure 2: Block diagram of the control system when the presses are not in contact with the Yankee cylinder.
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TUNO £XEL TOYOYEVVITPLN Y10l TN LETPT|ON TNG TAXVTTOG.

TNo v TepinTmon 6mov o1 TpEceg Oev gival G€ ETOPT [E
TO GTEYVOTIKO TOUTAVO, 16Y0eL To Zynua 2. H avapopd ota-
Bepng ToOTNTOG 00MYEiTAL G Lo Lovada, Tov GoKomd EYEL
™ dnpovpyic. KATAAANANG KOLOTOHOPONG Yo TO péyebog
avVOPOPAS TOV EAEYKTAV TayDTNTOG AdpPdvoviog v’ oyn
Tov emBountd ypoévo emTdyvvong kol emipddvvong Tov
oLoTHHaTOG. AKoAoVBMG Eyovpe Tpelg eheyktég Pl yio kGbe
TpuNpo ([e S10KEKOUIEVEG YPOUUES EmtonpaivovTat To, dVO
TUNHOTO, TUN IO GTEYVOTIKOD TOUTAVOL KO TUNLO TPECAOV),
&vav eleyKTi T OTNTOG KOt 600 EAEYKTEG PEVLLOTOG, Ol OTTOi-
oL KoT’ emMEKTAON gival Kot EAEYKTEG pomng. v €000 TOL
KGOe ELEYKTN PEVLOTOG TPOKVTTEL £va oNpa Tov pLOuilet
N Yovia evadioemng TV BupicTop TOV AVTIGTOL®OV YEPUP®V.
To onpa €£660v Tov KAOe eAeyKTH TOYOTNTAG OMOTEAEL TNV
avOQOPA TOL PELIATOG 1 TNG POTNG, 110l KL Yo TOVG dVO
EAEYKTEG PEOULATOC,

Boowm kowvotopio otnv mpotevopevn pébodo eréyyov
OOTEAEL 1 XPMOYLOTOINGT piog HOVADAG KATAVOUNG (OPTi-
0V, L€ GKOTIO VO, GALAEEL TV AVOPOPA TOV EAEYKTI PEOLATOG
Yo To SEVTEPO KIVNTHPO TOV TUUTAVOL 1] Y0 TOV KIyNTipa
™G “TVPANG” TPEGOC. AVTH M Hovada gival £vag EVIGYLTAG 1
e&acBevnic. Edv 1o képdog givar 1, td1e 01 pomtég TV dVo
Kvntipov gival ioeg, edv eivar peyoivtepo and 1, tote 1
POTN TOL dEHTEPOL KIVNTNHPO ElvaL LEYOAVTEPT 0T TN POTN

povéada kabopiopov
¥POVOL EMTAYLVONG
Ko emPpaduvong

EAEYKTNG
TOYOTNTOC

=

avapopd +
otafepng Q— n =

0V0 KIVHTIPES

e Oy

Tov KVptov Kivntpa. To avtifeto cupPaivel edv To KEPSOG
™G Hovadag avThg givat pikpotepo amd 1. Me avtdv tov
Tpomo pLOUileTar 0 AOYOG T®V POTAOV TV VO KIVITHP®OV
péco oto id10 TUN AL

Xmv nepintoon 6nov o TpEceg AcKoVV TEGT TAVE® GTO
oTEYVOTIKO TOUTOVO woyvel o Zynpa 3. Kot 6” avti v
TEPITTOON 1 AVOEOPA 6TABEPNG TOXDTNTOG SEPYETOL LECE
piog povadag dnuovpyicg GNUATOS aVOPOPAG LE KOPLO Yo
POKTNPIOTIKO TNV VTopén Hiog pOpmag Yo EXLTAYLVOT Kol
piag yuo emPpadovon. To ofjpa avagopdg otabepnc ToydTn-
Tag givar koo yio 6Ao To ovatnpa. Akolovbmg, cOHLE®VA
HE TNV TPOTEWVOLEVT] LEBODO EAEYXOL £YOVLLE GUVOAKY TEVTE
ereyktég PL, OmA. évav edeyKTi Tay0TNTOG KOl TECOEPLG EAE-
yktég pevpotog (1 pomng). H €£0d0g Tov eheyktn TaydTNTOG
glvar M avapopd pevpotog (1 pomng), idla Kot yio Tovg TEo-
oeplg eleyktéc pedpatog. H avapopd pevpotog (1 pomng)
Yo T0 S€DTEPO TUNHO SEPYETOL OO Ui LOVADO KOTOVOUNG
@opTiov, €161 dote vo. puOpileTatl 0 AdYoG TV popTioy Le-
Ta&0 TV 60 tunpdtev. Edv to képdog ¢ povadag avtig
eivar 1, T0TE 01 POMEG TOV GLVEIGPEPOLY T, dVO TUNHOTO
glval avAAOYEG TOV OVOLLOGTIKMY TOVG POTTAV, EAV Eival Le-
yoAvtepo amd 1, TOTE M PpOT TOL SEVTEPOV TUNHATOG Eivarn
peyordtepn amd T pornt| Tov Tpmdtov. To avtibeto cupPai-
VeL, €4v 10 kEPSOG NG HOVAd0G avTiG eival PKPOTEPO Amd
1. Mg autév tov tpdmo pubpiletarl o AdYog TV pOTOV TOV

KOpLOg
EAEYKTIG Kwnmpog Z.P.
PEVLLOTOG TOUTTOVOL

devTEpOg u
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HIS PopTiov 6TOVG ]

n
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, ]
HOVAOO. KATAVOUI]G

popTiov uetalv twv
0vo TUNUATOV

%?_Ii__:ﬂ:_* (= ;

/. n
2 , ATOPPOPNTIKAG
& S,Yng TDECAC i
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Kwnipog Z.P. 1
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eheyKig Toohc "
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2o 3: A1tovpyio OLaypoo. Tov GOOTHUOTOS EAEYXOD, OTAY 01 IPETES TELOVY TO TOUTOVO.
Figure 3: Block diagram of the control system when the presses are in contact with the Yankee cylinder.
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KvnTipov Tov 6o tunudtev. Exedn ot mpéceg mélovy pe
HEeYGAN SOVOUT TO GTEYVOTIKO TOUTOVO, [0 YOPUKTIPLOTIKN
TN givon 24 ton (1 240 kN) avd npéoa, 10 popTio OA®V TV
Kvntipov enovédvetot. Zvvifwg, ot POV KOTAoTOOoT
Aettovpyiog amd 20% (6tav dev aokeitol mieon) avidvetot
oe 60% 1ng ovopaoTiKNng pomng TV Kivntnpov. Emonuai-
VETALl OTL 1 OVOLOGTIKY] POTY] TOV KIVNTHPOV OVOTTUGGETOL
HOVO KATA TIG EMTOYVVGELS TOL KIVITIPLOV GUGTILATOS, EVOD
GTN GUVEYELN ATALTEITOL POTY| LUKPOTEPT TNG OVOUOGTIKNG.

4. MONTEAOIIOIHXH KAI EEOMOIQXH

lNo v efopoimon TOv TOAKIYNTAPLOV GLGTNHUATOG
KOL TN HEAETN TNG CLUUTEPLPOPAS ALTOL TOGO GTN SVVOUIKY
KOTAGTOGN OG0 KOl OTN MOV AELITOVPYiQ XPTCLLOTOL00-
VTOL 01 YVOOTEG EEIGMOELS TOV UNYOVAV GUVEXODS PEVLOTOC
kot 0 wpoypappo MATLAB / SIMULINK. Ewwotepa ot
eELlOMOELG TOL TEPLYPAPOVY TO KIVITHPLO GVCTNLO TOV GTE-
YVOTIKOD TOUTAVOL, OTOV Ol TPEGEG OEV OKOVV THEST] TAV®
o’ auto ( Zynua 4), eivot:

n =1 Ry + Ly, d (4.1)
U, =1, Ry + Ly, (4.2)
dt
=C®1,, , =C,D,1, (4.3)
(J|+J2+J3)61:Te|+Tﬁ_TL (4.4)
0 =0,0=0,,0 =0,,0 =0, (4.5)
T, =T,+T,,,T,, =i,T,, J,, =Jsiry, (4.6
I
KOpLog Kvn-
mpog XZ.P. al »

Tey, 001, 0, TL
I Meiotdog ’ Jyan

5e0TEPOG KIVN)- \ »
mpog  X.P. ‘ I v

Te,, 032, 0, Trz

OTEYVOTIKO TOUTOVO

2ynuo 4: Zynuotiky mopooTacny Tov KIVHTHPIOD GLOTHUOTOS TOD
OTEYVWTIKOD TOUTEVOU.
Figure 4: Yankee drying cylinder drive.

O1 e&1omaoelg Tov TEPLYPAPOVY TN SLVALIKT KOTAGTOOM
TOL KIVNTNPLOL GLUGTNHHATOG TOV TPECAOV, OTAV OEV 0GKOHV
Tieon MAVO 6TO 0TEYVMTIKO TOUTOvVO ( Zynua 5), etvor

u..=1_R.+L (4.7
3 73473 T3 dt
Upy =1 Ry + L, i (4.8)
r,=C2,1,,,1T,=C®,, (4.9)
J,, 0s=T,i, +T,i,(D,/D,)-T, (4.10)
J, = (J,i’ +J,i2 (D, /D) +J,)
04 =0,, 05 = 0, (4.11)
0, =0,(D,/D,), o, =w,(D,/D,)  (4.12)
J4
HELOTNPOG
KIVNTMpog \ ]
aToppOPNTL- \| I OmOPpPOPNTIKY
- : npEca
KNG TpEcog | 4 0.0 | |
1
Js Tes, gy, Osp : o0y 1
HEIOTAPAG 1 Js \
, ! 1
Kinmpag T >
«Tv(pkﬁg» A \‘ TU’([);\,T]
TpEcaC % [ 4 TpEGa
©s, 05
Tes, @op, Obp

2ynuo 5: Zynpotikn wopooTach Tov KIVHTHPIOD GUCTHUOTOS TWV
TPETDV.
Figure 5:Presses drive system.

To v mepintwon mov ot mpéoec aokovv mieom emi
TOV OTEYVOTIKOV TUUTAVOL YPTCLLOTOLOVUE TIG AKOAOVOEG
e£IOMOELG Yoo TNV TTEPLYPAPT] TNG OLVOKNAG KOTAGTOONG
(Exnpa 6):

J, em =T, T, (4.13)
J,, =(,i +J0, (D /D) +J)D,, /D) +
(L) T (4.14)
r, =T, + 2)im +
+(T0 + T, (D, / D))D,,, /D) (4.15)
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AmoppoenTiky| TpEcca

Tpr: 04, e4

00

“topA” mpéoa’

i

Tls s> Dyan, 0 an

HELOTRPOG
fyan 2TEYVAOTIKO TOUTOVO

Zynua 6: Zynuatikn Topaotac 100 KIVHTHPLOD CVOTHUOTOS, OTAV 0L
TPETES AOKOVY TIEGH TAV®W OTO OTEYVOTIKO TOUTAVO.
Figure 6: Drive system when presses are in contact with the Yankee
cylinder.

H povtehomoinon tov cuvoAlKoy TOALKIYNTAPLOL GL-
ompatog Paciletar a@’ gvog ot SOU COUPOVA LE TO
Zynua 1 Kot ap’ eTEPOV GTO AELTOVPYIKE Sty PALLLLOTO TV
ynubtov 2 kot 3. Me 115 SuvatdTTeS TOV TPOYPALLLOTOG
MATLAB / SIMULINK, otnv mapovoa epyacio emxttevydn
1 e€opoimon AWMV TOV GLVICTOCHV TMV €T LEPOLS PPOY®V
eAéyyov, ot omoiot mephapfavouy ereyyopeves Yéeupeg 6L
TOAP®OV Le BupioTop, TAALOYEVVITPLES, ELEYKTEG, LOVADEG
KOTOVOUNG (OPTIOL KOl LOVASES KOBOPIGHOV EMLTAYLVONG
Kot EMPPASLVOTG TG TAXVTNTOG.

[popavmdg T0 GLVOAMKS SIKTOMLLE Y10 TNV TOPAGTUCT] TOV
0€00LEVOL GLOTAHOTOG LE TIC KATOAANAEG EVTOAEG TOV TTPOCL-
voeepBEvTog TpoypappaTog eopoinong givat apKeTE TOAD-
TAOKO KOl 1] €KTOGT) TOL JEV EMTPEMEL TV ATEIKOVIOT] E00.

5. ATIOTEAEEMATA EEOMOIQXHX

Xpnowonowwvtag T1g EE. (4.1) éwg (4.15) kot o Topo-
petpikd otoryeio mov eaivovioat oto [Mapdpmuo A die&nydn
exteTopévn e€opoion. Xt cuvéyela mapovatalovral pept-
KGO YOPOKTNPLOTIKG OTOTEAEGLOTO TPOEPYOLEVO OO CLTY|
v e&opoimon.

210 Zynua 7 @aiveton M amdkpion g ToxOTNTS VOGS
TPOYLATIKOD GLUGTHUOTOS, OTOV 1] TOYVTNTO AVAQOPAS Kot
N petafoin Tov eoptiov emiAéyOnkav vo petafdiiovton
ovpeova Le ta Zynuata 7o kot 78. H taydtmrta avaeopdg

oOLQMOVO PE TNV M0y Hog petafdiietar (Zynquo 7a)
oTNV 0pyN YPAUUIKE cuvaptioel Tov xpdvou Yo 10 sec,
Kot okoAovBwg mapapével otabepn ywo 10 sec. Xto d1d-
oTnua avtd Ol TPEGCEG EVEPYOTOLOVVTAL AOKAOVTAG TTIEST
TAV®O GTO GTEYVAOTIKO TOUTOVO, OOV TO POPTio LeTAPAAAE-
TOL OTULOVTIKA, COUP®VO LLE TNV ETAOYN HOG 0XEOOV KOTA
Brnuoticd tpomo armo 20% o 60% TOV OVOLAGTIK®OV POTOV
TOV KIvNTNpov, 6meg eoivetol 6to Zynua 7f. tn cvvé-
YEWL 1) TOYVTNTO TNG UNYOVIG AVEAVEL KATUKTAOVTAG VYNAT
T 6mov kot Ba mapapeivel Yoo 660 ypovikd SdoTNua
amolTeiTal oo KOO GUYKEKPLUEVT] TOPAYWOYN XOPTLOV.
H mpoypotiky toydmnto Tov 6TeyVOTIKOU TLUTAVOL Kot
TOV TPEGOV TOV TPOKLNTEL O ATOKPIOT TOV GLGTILATOG
eoiveTal ota ynuota 7y kot 74.

I[Mapatnpodue 611 1 AMOKPION TOV GLOTHHATOS Eivarn
TOAD aKpIPNG, emoNUAiVOVTAG OTL £V GTEYVOTIKO TOUTOL-
vo cuvBg gxel Bapog mepimov 40 ton Kot pomn adpdvel-
ag 20.000 kgr m%. H amoppopntiki kot 1 “tv@An” mpéoa
&youvv Bapog mepimov 6 kat 3 ton avticToryo. INUEIOVETOL
€0, OTL Yo va emttevyBel (o cwoTH amdKpLon YopPic To-
Aavtdoelg kol vrépPaon tng EMBLVUNTAG TIUAG TPETEL VOl
pvOuotovy cwotd ot ereyktég PI oto cvommuo gdéyyov
pe aAAETAAINAEG dOKIUEG Ko’ OGOV €K TOV TPOTEPMVY dEV
VILAPYEL TPOTOG TPOGIOPIGHOD TOV BEATIOTOV TILOV TOV
TOPOAUETPOV.

310 Zynpo 8 QaiveTol To PEVLLO TOL dPOUEN TV TEC-GA-
pov kvntipov. [Hopatnpodpe 6Tt T pedpATA TOV SPOUEDV
TOV KWVITHPOV TOV GTEYVOTIKOD TUUTAVOL (Zynpata Sa Kot
8pB) eivar idwo peta&d Tovg 10060 6N HETAPATIKT KOTAGTOON
600 Kol 6TN POV 1 omoio arokaficTaTol amd T XPOVIKO
dtdotnpa t =40 sec.

To 610 mapatnpovpe Kot ylo. Tovg 6O KIVNTHPES TOV
npecv (Zynpata 8y kot 83). [Ipopavdg ot Kupatopopeég
TOV OVTIGTOY®OV MAEKTPOUAYVITIKOV POTMOV VOl TOVO-
HOLOTLTEG LE eKElVEG TV peLUdTOV AdY® TG oxéong 001.
(Eymuroto 9a, 9B, 9y kot 98). AlTIGTAOVETAL OTL TO TPOTEVO-
pevo oot EAEYYOL 0dNYEL GTNV EMBLUNTY| KATAVOLT TOV
@opTiov pe peydAn akpipeta.

H opBoroyikn| katovou tov goptiov 1060 petald Tov
KWntpov tov 16iov TUqpHetog, 660 kot PETa&d TV dvo
TUNUATOV, OTOJEIKVOETOL OTL givol omOAVTO QKT Ue
TNV OTOTEAECUOTIKOTITO TOV TPOTEVOLEVOL GUGTNLOTOG
eAEYYOUL.

T v TAinpéotepn digpgdvnon ¢ coumePLPopas Tov
GUVOALKOD TOAVKIVIITIIPLOL GLGTIHHATOG eopotmOnkay dVo
TUTIKG GOAAOTO, ONA. TO EQPVIKO OVOIKTOKOKAMUO EVOG
BupioTop pag Yépupag, Kat 1 TANPNG S0KOT TG AELTOVP-
yiag pog yépupog.

EmiéyOnke n mepintoon 6mov Eva BupicTtop avolKTokL-
KA@veTal ot Yépupa Tov TPoPodoTel To fondNTIKO KIvTH-
PO TOV GTEYVOTIKOV TUUTAVOV.

Hopatnpodpe 6T T0 pedpLa Tov dpopéa Tov fondnTiko
KWVNTNPO TOL OTEYVAOTIKOD TOUTAVOL TOPL TopOoLGLiLEt
HEYOADTEPT] KUUATOON KOl 1] LEYIOTN TIUH TOV €lval LEYO-
AOTEPT OO TNV TN OV ElYE TPV TAPOVOIAGTEL TO GOAA-
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po (Zynpo 10 B). To pedpo Tov dpopéd GTOVG VTOAOITOVG
TPEIG KIVNTHPEG AVEAVEL Y10 LUKPO YPOVIKO S1AGTNLO KOt
LETE ETAVEPYETAL BTV TPOTYOVLEVT KOTAGTACT (ZyApaTa
100, 10y, 103).

AVt onpaivel 0TL 0 KIYNTHPAG TOL TPOPOSOTEITOL OO
™ YEQLPA, TOV TOPOVGIAGE TO GPAALD, cvveyilel va TTpo-
OQEPEL oYL (oM e EKEIVI OTIMG TPV YIVEL TO GOAALLAL.

Yto Zynpota 1la, 116, 11y, 118 eaiveron o pedpa tov
KNTpOV 6T HOVY KOTAGTOON HETA TO GQAApQ. XTO
e 1P eaivetar 611 éva amod o €EL BupioTop TG YéQLpag
7oV TPOPoJOTEL TO PondnTiKd KivNnTHpa TOV TVUTAVOL dgv
ayet, Kot M PEYLOTN T TOL PELLOTOG TOL dpopéa POAvVEL
oto 400 A, evd 1 péYIOTN TY) TOL PELLOTOG GTO OPOUEN
TOV KUPLOL KVNTAPL TOV GTEYVMOTIKOL €ivan mepimov 275 A
Eua 1la).

[poeovdc o1 KLVUATOHOPPEG TV MAEKTPOUAYVITIKOV
pontdv givol Tavopoldtuneg pe exeiveg tv pevpdtov. ‘Etot
emPefardveTor N 0ot Agttovpyio TG AOYIKNG EAEYYOVL,
OV TTPOTEIVETAL GTNV TOPOVGA EPYOTiaL.

H dgdtepn mepintoon o@AaipoTog givat 11 oAk modon
g Aettovpyiag G YEPLPOS OV TPOPOdOTEL TO deHTEPO
KynTipa Tov 6TeYVOTIKOD Tupmdvoy (Zynuo 12). Iapa-
TNPOVLE pio TOAD piKp Hei®omn TG ToOTNTOG TOV GLOTI-
potog yo ehdyiota devteporento (Zynua 13a). Toa pedpata
TOL JPOUEN GTOVG VTOAOITOVS TPELG KIVNITHPEG ovEdvouv
Eyuroto 136, 13y, 139), pe amotélecpo va av&dvouy Kot
Ol OVTIOTOLYEG POTEG, MOTE VO OVTILETOTILETAL TANPOG TO
unyavikd @optio, T0 6€ TOAVKIVNTIPLO GVUGTNLO E0KOAOV-
Oel vo meptoTpéPeTan Le TNV 1010 YOVIOKT] ToyOTNTA TOL El)E
TPV anwd TO0 GOAALLOL.

6. XZYMIIEPAXMATA

Onwg @aivetor and to amoteAéopata tng eopoimong
€VOG TPOYLOTIKOD TOAVKIVITPLOL GUGTHWOTOS, 1) Omo-
Kpton Tov givor ToAD axpiPng Kol apketd ypryopn (av Kot
VIAPYOVYV HEYAAEG POTEG OOPAVELNS) YMPIG TOAOVTIOGCELS
(ota gpovikd onueio t = 10 sec kot t = 40 sec 1 amdKplon
™G ToYLTNTAG TAPOVGSLALEL TOAD KPT VTEPPOACT TG OvoL-
Qopag TohTNTOG, OV dev UTopel vo. eavel ota ZynuoTa
AOY® ™G KAMpoKoG). Avtd opeidetal oty akpiPr pvduion
TOV TOPOUETP®V TV ehektdv PL, n onoia emitedydnke pe
KOTAAANAEG SOKIUEG.

H xatavour t@v @optiov yivetoal 0nmg akpifdg eiye
npodlaypapel. Méow ™G TPOTEWVOUEVNC AOYIKNG EAEYYXOL
kaBopilovtatl ico @optia peTaEd TOV KIVITHPOV TOV OTE-
YVOTIKOD TOUTAVOL KO TV KIVNTHPOV TOV TPECHV, Kot 160
@optio (% TNG OVOUUGTIKNAG POTNG TOV KIVIITHP®V) HETOED
TV 600 TUNUATOV.

ITapatnpodpue 61t 01 PoTES TOV KIVITHPOV TOV CTEYVOTL-
KOV TVUTAVOL givar ioeg peta&d Tovg, TpayLa Tov eiye Tebel
¢ 610)Y0¢. Emiong mapatnpodpe 6Tt kot o1 poméc TV Kivn-
THPOV TOV TPECOV €ivorl ioeg peta&d tovg.
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Zynua 7: Amorpion tox0tnTag Katd ) LETOSOoA TS ToYDTHTOS Avo-
POPAS KAl THS POTHS TOV POPTIOD O) TAYVTHTA AVAPOPU,
) pormii avopopds Tov poptiov, ) ToYOTHTO. GTEYVWTIKOD
TOUTAVOD, O) TOYOTHTO. TPECDV.
Figure 7: Speed response with speed and load time variable
reference o) speed reference, f5) load reference, y)
Yankee speed, o) presses section speed.
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2ynua 8: Pedpo toumavov: a, f) kbpiov kai devtepov KiviTipa Tov

OTEYVOTIKOD TOUTAVOD, ), 0) KIVITHPWV GIOPPOPHTIKIG

KOl «TOQATICY TPECUG.

Figure 8: Armature current: o, f5) Yankee master and helper motor,

y, 0) suction and blind press motors.

o 9: AToxpion nAEKTPOUOYVITIKAG POTTHS: @) KOPIOL KIVHTHPO. OTe-

PVOTIKOD TOUTTAVOD, B) FEDTEPOD KIVITIPO, OTEYVTIKOD TOUG-
Vo, , 0) KIVTHPWY OTOPPOPHTIKIG KAl “TVPINS TPécag.

Figure 9: Electromagnetic torque response. o) Yankee master motor. )

Yankee helper motor, y, 0) suction and blind press motor:
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2ynua 10: Pevua dpouéa pe évo. avoiktokvkiwusvo Qupiotop:a, )
KOPLOD Kai 0DTEPOD KIVHTHPO, GTEYVOTIKOD TOUTAVOD, 7,
0) amOPPOPNTIKNG KOL “TVPANG” TPéTOg.
Figure 10: Armature current when one thyristor is open: a, f)
Yankee master and helper motor, y, ) suction and blind
press motor.

Zynua 11: Pebua dpouéo ue éva avoikroxvkiwuévo Qupiotop: a, )
KOPLOD Kt OEDTEPOV KIVATHPO, TTEYVOTIKOD TOUTGVOD KO
Y, 0) ATOPPOPNTIKAS KAl “TOPANG TPECUG.
Figure 11: Armature current when one thyristor is open a, f)
Yankee master and helper motor, y, ) suction and blind
press motor.
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2yniua 13: Tépupo debTepov KIvRTHpa TOUTAVOD EKTOS AEITODPYIOG:
a) toyvTHTe. CVOTHUOTOS, P, Y, ) pedua dpouéa KipLov
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“TPANS” Tpéoag.

Figure 13: a) drive speed, p, y, 0) Yankee master, suction and blind
press motor armature current when a thyristor bridge
is open.

7. MTAPAPTHMA A

MMoapapetpikd otovyeio:
A) TOV KIVI|THP®V TOV GTEYVMOTIKOV TUUTAVOV:

P =152 kW
N, = 1870 min’!
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M =776 Nm
U =420V

[ =394A

L =120mH
R, =86.8 mQ
J ~12kgm’

B) Tov kivnmpov TV Tpechv:

P =117kW
N, = 2140 min’!
M, =522 Nm

U =420V

[ =302A

L =1.46 mH
R, =107.9 mQ

J ,~0.6kgm’
I') Tov oteyvmTIKOD TOUTTAVOL:

J =100 kgr m? (mhevpd a&6vov KvnTipmv)

=100 kgr m?

Yankee

Presses
A) TOV PETOOYNUOTIOT 1oY0V0G:

P = 1600 kVA, L =16 uH, R =1 mQ,
U =400V, =2310 A, Dyn 11
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Extended summary

Load Distribution Control of a Paper Machine’s Multi-
motor Drive System — Steady State and Dynamic
Behavior Analysis

C. MICHAEL
Mechanical - Electrical Engineer

Abstract

A control method for the operation of a multi-motor drive system
of paper machines is proposed in the present study. Paper machine
drive systems, as a rule, consist of D.C. motors, which are fed
by threephase electronic power converters. In the present case
study four D.C. motors drive two presses and a drying cylinder.
Furthermore, an automatic control method is proposed, through
which the rational mechanical load distribution of the motors
is controlled, depending on their nominal power. According to
the requirements of the paper machine, two phases of operation
are distinguished. In the first phase two D.C. motors drive two
presses, not in contact with the drying cylinder. The other two
D.C. motors drive the drying cylinder. When the two sections are
synchronized, the second phase starts. The two sections come in
contact and are rotating absolutely with the same linear speed.
Then the paper comes in contact with the hot drying cylinder and
it dries. Subsequently, it is wound on a cylinder for final use. In
this industrial process there is a combination of rotational and
linear movement for the formation and drying of the paper. The
proposed method aims at the precise control of the kinetic behavior
of the two sections, coordinating the operation of the presses and
the drying cylinder. Because of the structure of the system there
are inevitable transient conditions. For this reason, in the present
work the investigation is focused on both the static and the dynamic
behavior of the system.

1. INTRODUCTION

A paper machine consists of four sections, as shown
in figure 1. The first one is called the “former” section
and is the section where the paper is formed as a wet film.
The second section, the “presses” section, consists of two
presses; one suction press and one blind press. The third
section is where the paper dries. This section consists of a
drying cylinder and a hood. The drying cylinder is called a
“Yankee drying cylinder” and is heated by steam. The hood
blows hot air on the surface of the cylinder. In this way, the
paper is dried and the moisture is reduced to 6%, according

A. SAFACAS
Professor, University of Patras

to the specifications. The paper then is removed from the hot
surface of the drying cylinder using a blade (Fig. 1, point D)
and is wound onto a roll pressed on the pope reel.

In many cases a serious problem arises when the presses
are pressed on the Yankee drying cylinder. The mechanical
load is not distributed to both sections and only one of the
two sections is loaded. Thus, this section is overloaded, and
cannot work for a long time since it stops due to the function
of the overload protection devices. The overload of one of
the two sections happens due to the lack of control logic for
load distribution between the two sections. The load of each
section is transferred from one section to the other, resulting
in serious problems for the paper machine drive and paper
production.

In the present investigation, a control logic is proposed,
that ensures the same linear speed for the two sections of the
paper machine when presses are not pressed on the drying
cylinder. When presses are pressed on the drying cylinder,
the four D.C. motors must contribute to the total mechanical
load in proportion to their nominal torques. Furthermore, the
motors in each section contribute equally to the total load
of the section, with the assumption that the motors in each
section are identical, or contribute partly to the total load of

each section if the two motors are not identical.

However, the percentage load between the two sections
and between the two motors of the same section can change
due to a serious reason (e.g. inadequate cooling). The
drying cylinder is driven by two D.C. motors connected to a
common gearbox. Each press is driven by an individual D.C.
motor and they are wrapped with the same felt. The D.C.
motors are fed by four six-pulse thyristor bridge converters,
which are connected to a common power transformer.
Normally the maximum speed is 1.500 m/min. The motors’

and transformer’s parameters are given in Appendix A.
For the investigation of the system a model algorithm



86 Teyv. Xpov. Emot. 'Exd. TEE, 111, tevy. 1-2 2004, Tech. Chron. Sci. J. TCG, 11, No 1-2

and simulation with the aid of MATLAB / SIMULINK
software was developed. Using simulation the steady state
and dynamic behavior of the system can be investigated
and the effectiveness of the proposed control method
can be ascertained. Also, the case is examined when
certain characteristic faults occur in the electronic power
converters.

2. CONTROL METHOD

The proposed control logic of the drive system is shown
in Figures 2 and 3. Only one of the two D.C. motors in each
section has a tachogenerator to measure the speed.

Figure 2 shows the case when the presses are not in
contact with the drying cylinder. The control of each
section is realized using a block that has two ramps, one
for acceleration and one for deceleration time, and three PI
controllers for each section, one for speed control and two
for torque control (Fig. 2). Each torque controller drives a
pulse generator and thus the firing angle of the thyristors is
controlled. The output of the speed controller is the torque
reference and is the same for both torque controllers.

A load-sharing unit is used to modify the reference of
either the helper or the blind press motor torque controller.
This unit is an amplifier or attenuator. If the gain of this block
is 1 then the torques of the two motors are equal. If the gain
is greater than 1, then the torque of the helper motor will be
greater than the torque of the master motor. The opposite
happens when the value is less than 1. Thus, the ratio of
the motors’ torque that contributes to the total load of each
section is adjusted.

In the second case, where the presses are in contact with
the Yankee cylinder, the control is realized using a block that
has two ramps, one for acceleration and one for deceleration
time, and five PI controllers in total, one for speed control
and four for torque control (Fig. 3). The speed controller’s
output is the reference for all torque controllers. The torque
reference for the second section passes through a load-
sharing unit, which controls the load contribution of this
section. An optimum solution can be found by adjusting the
PI parameters of the controllers.

When the presses press the Yankee cylinder the load
increases significantly for both sections, because the force
from each press is very large (about 240 kN). In the present
case the load increases from 20% to 60% of the nominal
torque of the motors.

3. MODELLING AND SIMULATION

SIMULINK software was used to simulate the multi-
drive system. Eq. (3.1) to (3.6) describe the Yankee drive

when presses are not in contact with the Yankee cylinder (Fig.
4), while Eq. (3.7) to (3.12) describe the presses’ drive when
presses are not in contact with the Yankee cylinder (Fig. 5).
Eq. (3.13) to (3.15) describe the whole drive system.

4. SIMULATION RESULTS

In Fig. 7, 8 and 9 characteristic simulation results of
the operation of the drive during acceleration and steady
state are shown. Fig. 7 shows that the system’s response
is very accurate. The actual speed of Yankee and presses
sections (Fig. 7y and 79) is almost the same as the reference
speed (Fig.7a), while the torque reference changes from
20% to 60% of the D.C. motors’ nominal torque (Fig.7p).
Fig. 8 shows the armature current and Fig. 9 shows the
electromagnetic torque of the DC motors. The Yankee
master motor torque (Fig. 9a) is the same as the Yankee
helper motor torque (Fig. 9B), while the suction press
motor torque (Fig. 9y) is the same as the blind motor torque
(Fig. 96). This was the main target of the proposed control
method. The total load is shared among all motors according
to their nominal torques.

Fig. 10 and 11 show the armature current of the DC
motors when one thyristor is open in the power converter,
which drives the second motor of the drying cylinder. The
torques of the motors have exactly the same shape as the
armature currents (001).

Fig. 12 shows the armature current of the DC motors
when the power converter of the second drying cylinder
motor does not function. Also, in this case, the torques of
the motors have exactly the same shape as the armature
current. Fig. 13 shows the speed response (Fig 13 a), and
the armature current of the three DC motors, when the
power converter of the second drying cylinder motor does
not function. Fig.13a shows that the speed of the drive is not
affected due to the loss of one power converter. The armature
currents of the three motors increase (Fig. 12a, 12y and 129),
resulting in increase of the motors’ torques in such way that
the mechanical load is compensated for and the drive system
continues to rotate with the same speed as the speed before
the fault.

5. CONCLUSIONS

As is shown by the simulation results of a real multi drive
system, the speed response is very accurate and fast (even
given the fact that the rotating masses have high inertia),
without oscillations (in points t = 10 sec and t = 40 sec, the
overshoot of the speed response is very small, and cannot
appear in the drawings because of their small size). This
was achieved by fine-tuning the PI controllers’ parameters.
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The load distribution of the four D.C. motors was achieved
accurately as specified, namely according to the rules that
conform to the real needs of the industry. Via the proposed
control logic, equal load is maintained between the motors
of drying cylinder and those of the presses, and equal load

between the two sections (% of nominal torque of the
motors). We can see that the torques of the drying cylinder
motors are equal, as were those of the presses motors torques.
This was the target of this investigation.
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