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Toune kepyBaHHS TeMIIepaTypol0 B TEPMOIUIACTABTOMATaXx € KPUTHYHO
BXXJIMBUM JJ1 3a0€3ME€UCHHS SIKOCT1 JIMTUX BUPOOIB, 30KpeMa Mpu poOOTi 3 TAKUMU
matepianamu, ik PA6 GF30. HegocratHa a6o Ha/IMINIKOBA MOTYXHICTh HarpiBaua
MO’K€ IPU3BECTH /10 1€(PEKTIB y BUp0OOaAxX, a TAKOXK /10 HEEPEKTUBHOTO BUKOPUCTAHHS
eHeprii. Y cydyacHMX yMOBaX, KOJIM €Heproe(eKTUBHICTh Ta TOYHICTh TEXHOJOTTYHUX
npoleciB HaOyBarOTh JeAalli OUIBIIOr0 3HAYEHHS, PO3pOOKa aJalnTUBHUX CHUCTEM
KEepyBaHHS TEMIIEPATYPOIO € aKTyaJIbHUM 3aBJIaHHSM.

[Tutanus MOJICITFOBaHHS CUCTEM KEepYyBaHHS TEMIIEPaTypOrO B
TEpPMOIIACTABTOMATAaX AaKTUBHO JOCHIKYHOThca. Hampukman, y pob6orax [1, 2]
pPO3TISAAIOTECS MIAXOAW JO0 BHUKOpUCTaHHS PID-perynstopiB nis craOutizanii
TEeMIIepaTypH, OJHAK YacTO ITHOPYIOThCS OOMEKEHHsI MOTYXKHOCTI HarpiBaya. Y [3]
3aMpoTOHOBAHO METOJM OIIHKM TETUIOBTpPAT, aj€ BOHU HE BPAaXOBYIOTh 3aTPUMKHU B
cucteMi. Ha BigMiHy BiJ LMX MiAXOMIB, Hama poboTa (OKyCyeTbCd Ha ajganTarii
CUCTEMH J0 OOMEXeHb MOTYXKHOCTI, IO J03BOJISIE MOJEIIOBATH pealibHI ClIeHapii
po0OoTu oOnmagHaAHHS.

®dyukiioHanbHa 010K-cxeMa (puc.l), ctBopeHa B MATLAB Simulink, monemntoe
CUCTEMY KepyBaHHS TEeMIIEpaTyporo Ui TepMOIUIaCTaBTOMAaTa, MPU3HAYEHOTO MJisi
BIJIJTUBY KYJIb 13 KOMIIO3UTHOTO Marepiaiay — mojiaMiay 6 31 ckiIoBosIokHOM (PA6
GF30). Bona cknagaeThcst 3 TPhOX 1ICHTHUHUX MMIJICUCTEM, SIKI IPEJCTABISIOTh Pi3HI
30HM HarpiBy TepMoIulacTaBToMara, 30kpeMa Zonel Heating, Zone2 Heating 1
Zone3 Heating. 1li migcucremu IMITYIOTh peasibHI 30HUM OOJIaJHAHHS, TaKl K 30HA
nojayl marepiainy, JI€ CHpPOBMHA HarpiBaeTbCs Mepes IuiacTudikaiiero, 30Ha
CTUCHEHHS, J€ MaTepiajl YIIUIBHIOEThCS 1 TOTYEThCS 1O (POPMYyBaHHSA, Ta 30HA
dbopmyBaHHs, e Oe3mocepeaHbO BiIOYBae€ThCs BIIMB Kyib. CHcTeMa Mpaimpe 3a
OPUHIIMIIOM 3aMKHYTOI METJIl 3BOPOTHOIO 3B’SI3KY, BUKOPUCTOBYOUM Pl-perynsarop
IUTs cTabuni3anii TeMiepaTypy B KOXKHIN 30H1 Ha 3aJJaHOMy piBHI. MoJienb BpaxoBye
peanbHl YMOBHU, Takl SIK 3aTPUMKH B POOOTI JATUYMKIB, BUIIAJKOBI KOJMBAHHS
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TeMIIepaTypy depe3 30BHIlIHI (paKTopH, a TaKOXK TEIUIOBTPATH, 110 BUHUKAIOTH Yepes
PI3HUIIIO MIXK TEMITEPATypOIO CUCTEMH Ta HABKOJIMIIHIM cepenoBuiem[4].
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Puc. 1. CDYHKI_IiOHaJ'IBHa 0J10K-CcXeMa CUCTEMU KEpYBaHHA TEMIICPATYPOIO B TepMOHJ'IaCTaBTOMaTi

Koxna 30Ha BKkItOYae HaOlp B3a€MOTOB’SA3aHUX KOMIIOHEHTIB, SIKI BUKOHYIOTH
cnenuiuni QPyHKINT, MOACNIOYH (HI3UYHI TPOIECH, IO B1IOYBAIOTHCS B peaIbHOMY
TepMmoruiactaBToMati. OJHUM 13 KIIOUYOBUX €JIEMEHTIB € BHUXIJHI CHUTHAIH, SKi
MPEACTABISIIOTh pe3yibTati cuMmyisnii. bnok Zonel Temp y mepmriii 30Hi,
Zone2 Temp y apyriit 1 Zone3 Temp y TpeTiil BifoOpakaroTh pealibHy TEMIEPATYPY
B rpaaycax llenbcia ams koxxHoi 30HU. 11 3HAUEHHS TEHEPYIOTHCS TICIII BpaXyBaHHS
BCiX (pakToOpiB, TaKWX SK HarpiB, TEIUIOBTPATH, IIyM 1 3aTpUMKa, 1 € KIHIICBUM
pPEe3yNbTaTOM MOJCITIOBAHHS. [HIMI BaKIIMBUI BUXITHWA CUTHAT — II€ TIOTY)KHICTh
HarpiBaua, sika npejcraiieHa 6jokamu Zonel Power, Zone2 Power i Zone3 Power.
L1 O710KM MOKa3ylOTh MOTYKHICTh Y BaTax, 10 NMOJA€ThCA HA HArpiBay y BiAMOBIIHIN
30HI, 1 € pe3yJbTaToM pobotu Pl-perynstopa, sikuil Kopurye ii Ha OCHOBI PI3HHULI MIXK
[IJTHOBOIO Ta PeajbHOI0 TEMIIEPATYPOIO.

Cucrema MOYMHAETHCS 3 BXITHUX MMapaMeTpiB, K1 3a/1al0Th TOYATKOB1 YMOBH JIJIsI
cumyisamii. broku Zonel InitialTemp, Zone2 InitialTemp 1 Zone3 InitialTemp
BU3HAYAIOTh TOYATKOBY TeMIEpaTypy JUisi KOKHOI 30HU. Ili moyaTkoBI 3HAYEHHS
MepeIaroThC B CHUCTEMY MJIsl 1HIMiami3allii mpoiecy MojentoBaHHs. [Hmui HaOip
BXIJHUX MapameTpiB 3aaaeTbcs 6nokamu Zonel TargetTemp, Zone2 TargetTemp 1
Zone3 TargetTemp, sKi BU3HA4YAIOTHh IUTHOBY TEeMIIEpaTypy uisi KoxHOT 30HU. Lli
IIJTOB1 3HAYEHHSI BUKOPUCTOBYIOTHCS ISl TIOPIBHSHHSL 3 PEaIbHOIO0 TEMIIEPATyPOIO 1
0O0YHCIIEHHS! TIOMUJIKH, SIKA € OCHOBOIO JUISI POOOTH PETYIIATOPA.

J{nst cTBOpEHHS OLIBII PeasiCTUYHOI MOJIENl 10 CUCTEMU JOJAEThCS IIyM, KUK
reHepyetrbcsi Oynokamu Zonel Noise, Zone2 Noise 1 Zone3 Noise. Ili Omoku
CTBOPIOIOTH BHUIIJIKOBI KOJMBAHHS 3a HOPMaJIbHUM PO3MOALIOM 3 amiutiTyaow 0.1,
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0 1MITy€ BIUIMB 30BHINIHIX (aKTOpiB, TakuxX SK TMepenaad Hanpyrd B
€JIEKTPOMEPEXKi, HETOUHICTh BUMIPIOBaHb JATYMKIB TEMIIEPATypH YU KOJIMBAHHS
TEMIIEPATypU HaBKOJHUIIIHBOTO CEPEIOBUINA Yepe3 BEHTWIALIIO B IEXy. Y pealbHOMY
TEpPMOILJIACTaBTOMATI Taki ()aKTOpH MOXXYTh BIUIMBATH Ha TOYHICTH PETYJIIOBAHHS
TeMIIepaTypyu, TOMY iXHE BKJIIOYEHHS B MOJCNIb JO3BOJISIE TIEPEBIPUTH CTIHKICTH
cucteMu 10 moaiOHux mepemkon. Illym mgomaeTbecst 10 peanbHOI TemmepaTypu B
omomi Zonel Sum nns mepmioi 30HM, Zone2 Sum anst apyroi i Zone3 Sum amns
TPeThOi, POPMYIOUN 3BOPOTHHI 3B’SI30K, KM BpaxoOBYeE Il BUMAJKOBI KOJIHBAHHS.
Ile poOuTh Mopenb OLIBIT HAOIMIKEHOI 10 pPEIbHUX YMOB €KCIUTyaTallii, e
171eaIbHI YMOBH PIJIKO JIOCATAIOThCA.

[Ticnst nopaBaHHS LIyMy peanbHa TeMIlepaTypa HepefacTbes B OJIOKU 3aTPUMKHU
Zonel Delay, Zone2 Delay 1 Zone3 Delay, axi iMITyIOTh 1HEpIiIO CHUCTEMHU Ta
JaTYMKIB. Y Halliid MOJEN 3aTpUMKa BCTAHOBJIEHA Ha 2 CEKyHJHM, IO O3HAyae, 110
U1 00YMCIIEHb BUKOPUCTOBYETHCSI 3HAUEHHS TEMIIEPATypH, AKe OyJ0 aKTyaJbHUM 2
cekyHau Tomy. lle BigoOpaxkae peanbHy MOBEIIHKY JaT4YHMKIB TEMIIEpAaTypu B
TEPMOIIACTABTOMATI, SIKI HE MOXYTh MHTTEBO 3UMTYBaTH 3MIHM 4epe3 (I3U4HI
0OMEKEHHS, a TAKOXK 1HEPIII0 CaMOi CUCTEMHU. 3aTpUMaHa TeMIepaTypa 3 HuX OJIOKIB
nepeaeThes B 0JI0KH 3BOPOTHOIO 3B’SI3KY Zonel FeedbackSum,
Zone2 FeedbackSum 1 Zone3 FeedbackSum, ne BoHa Kopuryerbcs 3 ypaxyBaHHSM
IIyMY, HICJSl Y4OrO BUKOPUCTOBYETHCS JIs MOPIBHSAHHSA 3 LIIbOBOIO TEMIIEPATYPOIO.

[lopiBHsIHHA Temmeparyp BUKOHYeTbcsi B Onokax Zonel Diff, Zone2 Diff 1
Zone3 Diff, siki 00YMCIIOIOTh MOMUJIKY SIK PI3HUII0 MK I[IJIbOBOIO TEMIIEPATYPOIO,
3amanoto Omokamu Zonel TargetTemp, Zone2 TargetTemp 1 Zone3 TargetTemp, i
3aTpUMaHUM 3HA4YeHHSIM pealbHoi Temneparypu. L mnoMuika € KIH04OBUM
CUTHAJIOM JIJISi CUCTEMH, OCKUJIBKM caMe Ha il OCHOBI PETyJISITOp MpUHAMAaE pillleHHS
Ipo 3MiHY MOTYXHOCTI HarpiBada. [lomuika nepenaerbcs B O65oku Pl-perymnstopis
Zonel Control, Zone2 Control i Zone3 Control, siki 004HUCTIOIOTh HEOOXITHY 3MIHY
MOTY>KHOCTI J1JIs1 MIHIMI3aMii Li€] pI3HUILL.

TenoBa AuHAMika KOXHOI 30HHM MOJENOeThes Onmokamu Zonel Plant,
Zone2 Plant 1 Zone3 Plant, ski iMiTyIoTh (QI3UYHY TOBEIIHKY pPEaJbHOIO
TepMmoruiactaBroMara. L{i 6510k npuiiMaroTh BX1IHUM CUTHAN y BUIJISIII TIOTYKHOCTI
HarpiBaya 1 OOYMCIIIOIOTH 3MIHY TEMIIEpaTypd Ha OCHOBI JAH(EPEeHIIaTbHOTO
pIBHSIHHS mepioro mnopsaaky. HIBHAKICT, HarpiBy 3ajieXuTh BIJl HOTYXHOCTI
HarpiBaua, ska B HaIllii Mojielll oOMeXeHa MakcCHUMalbHUM 3HadueHHsM 2500 BT, i
Koe(irieHTa 4yTIMBOCTI HarpiBava, SKui JOpiBHIOE 22, 1m0 o3Hauae, mo npu 100%
MOTYXKHOCTI TeMIiepaTypa 3pocrtae 31 mBUAKICTIO 22°C 3a cexkyHay. TemnaoBTpatu
BpPaxoOBYIOTbCSI Yepe3 YacoBYy CTally B 7 CEKYHJ 1 pI3HHLIO MK MOTOYHOIO
TEMIEPATypPOIO Ta TEMIIEPATYPOIO HABKOJIMIIIHBOTO CEpEeOBHUIIA, IKa BCTAHOBJICHA HA
piBHi 25°C.

Pl-perynsatopu B Onokax Zonel Control, Zone2 Control 1 Zone3 Control
OOYHUCIIOITh HEOOXIJIHY 3MIHY TMOTY>KHOCTI Ha OCHOBI MpPOMOPIIHHOI Ta
1HTerpanbHOi ckiiagoBux. [IponopiiitHuil koediieHT y Hamil Moaen AOpiBHIOE 1,
o 3a0e3rnedye IMOMIPHY pEakililo Ha MOTOYHY MOMUJIKY, JO3BOJISIOYM CHCTEMI
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MIBUIKO pearyBaTd Ha BIAXWJIEHHS TEMIIEpaTypH, ajié YHUKAIYH HaJAMIPHOTO
nepeperymoBanHs. [HrerpanpHuil koedimieHT BcraHoBieHud Ha piBHi 0.04, mio
JI03BOJISIE TIOCTYNOBO YCYBaTH 3aJMIIKOBY TOMUJIKY 3 YacoM, HAKOMUYYIOUU
3HAYEHHS TTOMUJIKU Ta JOAAI0YM KOPUTYIOUHI BIUIMB JI0 BUXIJTHOTO CHTHATY. 3MiHA
MOTYXHOCTI, OOYMCIIEHA PEryJsITOpOM, MepenaeTbcsi B Onoku Zonel Saturation,
Zone2 Saturation i Zone3 Saturation, siki 0OMexytoTh ii B Mexax Bizx 0% mo 100%,
1m0 BiAmoBigae aianazony Big 0 mo 2500 Br.

OOmexxeHa TOTYXXHICTh 13 OnokiB Zonel Saturation, Zone2 Saturation i
Zone3 Saturation noBepTaeThcsi B Omoku Zonel Plant, Zone2 Plant i Zone3 Plant,
dbopMyrour 3aMKHYTY METJIIO 3BOPOTHOIO 3B’513Ky. BoHa Takoxk nepenaeTbes B OJIOKU
Zonel Power, Zone2 Power i Zone3 Power mjis aHami3y Ta Bizyasi3aliii.

Cucrema mpaitoe SK €IUHMM IUKI, J€ TeMIeparypa MOJEIIOETbCA 3
ypaxyBaHHSM HarpiBy, TEIUIOBTpPAT 1 IIyMy, MPOXOAUTb 4Yepe3 3aTPUMKY,
MOPIBHIOETHCS 3 LLIBLOBOIO, Micis 4oro Pl-perynsitop kopurye moTyKHICTh, 1 Lied
MIPOLIEC TTOBTOPIOETHCS MPOTIAroM yci€i cumyJsisii. HasgBHICTh TPhOX 30H, TaKUX SIK
Zonel Heating, Zone2 Heating 1 Zone3 Heating, m03BoJjisie MOJENIOBATU PIi3HI
YaCTMHU  TEPMOIUIACTAaBTOMATA,  BpPAaxXOBYIOUM  iXHI  YHIKaJbHI  TEIUIOBI
XapaKTEPUCTHUKH.

O3HallOMUTHCH 3 pe3yJbTaTaMU CUMYJISLIT MOKHA Ha PUCYHKY 2.

Sk BUIHO 3 pe3ynbTaTiB, CHCTEMa JOCATAE LITHLOBOI TEMIEpaTypyu NpH Maixe
MaKCUMaJbHIN CBOil MOTYKHOCTI. SIKIIIO 3HU3UTH MOTYXHICTh HarpiBaya 10 500 Br,
TO Pe3yJIbTaT CUMYJISLIT (puc. 3) mokaxe, 110 LUJIbOBA TEMIIEpATypa HE JOCATHYTA.

Axio 3011bImMTH NOTYXHICTH cuctemu 10 4000 BT (puc. 4), To MOkHA TOOAYUTH
JIOCSITHEHHSI 1I1JIbOBOT TEMIIEpaTypH Ta BUKOPUCTaHHS NMOTYXHOCT1 Ha piBHI 2500 BrT.

Temperature Simulation

=l
(=}
[=}

Actual Temperature
Target Temperature

Temperature (°C)
g

iy
(=]
[=]

(=}

200 400 600 800 1000
Time (s)

Heater Power (Max = 2500 W)
2500

Z 2000

wer (

o 1500

P

1000

0 200 400 600 800 1000
Time (s)

Puc 2. Pe3ynbrat poboTH cucTeMH NMpH HEOOX1THUX yMOBax

Ile Bce roBopuTh MpO TE, IO CUCTEMA KOPEKTHO pearye Ha 3MIHU MOTYXHOCTI.
[Tpu BukOpHCTaHH1 OLIBII MOTYKHIIINX HAarpiBaydiB, CUCTEMa KOPErye iX MOTYKHICTb
JUTS TOCSAATHEHHST HEOOX1JHOT TeMIepaTypH.
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BucHoBKHn

OyHKIlIOHATIbHA ~ OJOK-CXeMa CHCTEeMH KEpPYBaHHS  TEMIIEpaTypor s
TEPMOILIACTABTOMATa € JIETaJbHOIO MOJIEJUII0, SKa BKIIOYAE BCl KIIFOYOBI
KOMIOHeHTH, Taki sk Zonel InitialTemp, Zonel TargetTemp, Zonel Noise,
Zonel Sum, Zonel Delay, Zonel FeedbackSum, Zonel Diff, Zonel Control,
Zonel Saturation, Zonel Plant, Zonel Temp i Zonel Power jist mepiioi 30HU, a
TaKoX aHajnoriuHi Omoku st Zone2 Heating 1 Zone3 Heating. Bona oxormitoe Bci
aCIEeKTH PeaIbHOI CHUCTEMH, BiJI MOJICNIOBAHHS TEIUIOBOI JIMHAMIKU JI0 BpaxXyBaHHS
3aTPUMOK 1 IIIYMY, 1 JI03BOJIsIE CTAOLII3yBaTH TeMIEpaTypy Ha piBHI, OJIU3BKOMY 0
I[IJILOBOTO, 0 € BAXJIUBUM JJIA SIKICHOTO JIUTTS Kyib 13 PA6 GF30. Moaens moxe
OyTH OCHOBOIO JIJIsl MOJAJBIIOTO BAOCKOHAJICHHS Ta MPAKTUYHOTO BIPOBAKCHHS B
peanbHUI NpUcCTpiil.

Kniouosi cnosa: TepmoriacTaBTOMAaT, TeMIlepaTypa, CHUCTeMa KepyBaHHS
TEMIIEPaTypPOIoO.
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One of the key tasks of modern production is to ensure the high quality of both
products and processes. Quality is generally understood to mean the absence of
various surface defects, such as cracks, holes, stains, and foreign inclusions, as well
as the compliance of geometric shapes and colours with regulatory requirements. In
addition, the absence of internal defects and compliance of physical and mechanical
properties with established standards remain important indicators. At the same time,
for the purposes of this study, product quality will be interpreted as the absence of
surface defects and compliance of geometric parameters and surface condition with
established standards [1].

The drying kiln plays a key role in ensuring the quality of the cane tubes after a
number of technological operations. After cutting and cleaning, the tubes are fed into
the kiln at ambient temperature, which is a thermal object with distributed parameters
- the temperature at different points of the structure and working volume may
differ [2].

Due to the lack of technical documentation with passport characteristics,
determining the transfer function is necessary to create an effective temperature
control system. This is part of building a mathematical model of the furnace, which
allows us to study thermal transients.

To simplify the modelling, the furnace was considered as an object with
concentrated parameters, since its dimensions are relatively small, the construction
materials have high thermal conductivity, and the drying process is long [3,4]. These
conditions contribute to the levelling of the temperature field. Due to the long length
of the furnace, it could also be divided into two separate thermal objects, but it has
been experimentally proven that it is sufficient to treat it as a single object.
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