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Abstract: Possibility of using magnetic stirring as
a controlling influence of automatic control
systems of glass melting furnace thermal
conditions. The effectiveness of the proposed
control system was established by simulation
which showed a decrease of the temperature
gradient in the furnace. The latest leads to
reducing defective products on the output.
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INTRODUCTION

Due to the constant rise in prices for energy and
raw materials at the present stage of glass industry
development, search for solutions that would lead
to even minimal savings or reduce the output of
defective products became an important scientific
and technical project.

The development of the control system which
would ensure the highest quality of finished
productions is one of the directions of the
improvement. A lot of national and foreign scientists
are trying to solve this problem.[1,2]. Various
structures of control systems were developed via
using a large number of different regulators, from
classic to modern PID neural networks [3].
However, all the above approaches are based on
management of the temperature via changing the
expense of the gas at the burner.

This paper offers use of the magnet system for
stirring molten glass in the furnace, as the
defectiveness of products is often the result of
insufficient homogenization of liquid glass that
occurs due to its bad mixing. The using of
mechanical mixing in the furnace causes significant
difficulties in its exploitation [4].The using of
magnetic fields is justified because of sufficiency of
iron oxide in glass fusion.

PROBLEM STATEMENT

Most of the researches devoted to this subject
are focused on the use of magnetoelectric effects
that occurs when electric heat in gas type of glass
furnaces or the electric glass furnaces are
used.[5,6]. More seldom magnetoelectiric mixing is
considered to be a separate aspect, able to
improve the homogenization of glass mass and to
provide additional glass motion [7,8]. The

AHomauis: [ocnidxeHa MOXugicmb 8UKOPUCMAaHHS
MagzHImHo20 nepemiuly8aHHs ik KepyeasnbHO20 ernugy
asmomamuy4Hol cucmeMu KepyeaHHs meriogumM pexu-
mMom pobomu ckosapHoro nivyto. BcmaHosneHo egpek-
mueHicmb 3arporoHo8aHOI cucmeMu KepysaHHs WS-
XOoM iMimauiliHo2o MOOesIo8aHHs, Kompe rokasasno
3MEHWeHHs1 2padieHmy memnepamyp y nedi, wo 8
c80I0 Yepey npu3eoOumb 00 3HUXEHHS Ha euxoli
bpakosaHoi MPodyKuii.

Kmroyoei  cnoea: CKrogapHa iy, MagzHimHe
nepemiwysarHsi, cuna JlopeHua, cucmema KepyeaHHS,
iMimauitiHe moOeritoeaHHs1

BCTYN

Ha cyyacHomy eTani po3BWTKY CKMSHOI NPOMUCIIO-
BOCTi, 3Ba)KaluuM Ha MOCTINHE 3pOCTaHHA UiH Ha
eHepropecypcsM Ta CUPOBUHY, MOLWYK pilleHb KOTPi
npuseenn 6 [o HaBiTb MiHIManbHOI ekoHomii abo
3MEeHLUEHHs1 OpaKy Ha BUXOA4i CTaB akTyarbHO
HayKOBO-TEXHIYHOI 3aayeto.

OpwH i3 HaNPSAMKIB Takoro NOKPaLLEeHHs - po3pobka
CUCTEMU KepyBaHHsl KoTpa 6 3abe3neyyBana Makcu-
ManbHy $KiCTb roToBOi npoaykui. Po3B'a3ky agaHol
3agadi NpucBsaYeHi gocnigaXeHHs 6araTboX BiTYM3HSAHUX
Ta 3aKopAoHHUX AocnigHukiB [1-2]. Po3pobneHi pisHo-
MaHITHI CTPYKTYpU CUCTEM KepyBaHHS i3 BMKOPMCTaH-
HSIM BEMMWKOI KINbKOCTi Pi3HWX PerynsaTopis noyvMHawyu
Big knacvyHux IO i 3aKiH4YylO4M CydacHUMK Henpo
mepexamu[3]. MNMpoTe, Sk NnpaBuno, BCi BULE HaBeAeEHI
NiAXOAM TFPYHTYIOTLCA Ha KepyBaHHi TemnepaTtyporo
LLUMASIXOM 3MiHM BUTPaTW rasy Ha nanbHUKK.

Y gaHinn poboTi NPONOHYETLCA B SAKOCTI A0AATKOBO-
ro KepyBanbHOro BMIUBY BUKOPUCTOBYBATW MarHiTo-
€NEeKTPUYHY CUCTEMY ANS NnepeMillyBaHHS CKIoMacu y
nevi, amke Gpak npoaykuii HandacTiwe € Hacnigkom
He[oCTaTHLOI rOMOreHisauii pigkoi cknomacu, Lo Bu-
HUKae BHacnigok ii moraHoro nepemiwyBaHHA. Bu-
KOPUCTaHHA MeXaHiYHOro nepemillyBaHHS y CKroBap-
Hi Nedi BHOCUTbL 3Ha4Hi TpyAHOLLUi ii ekcnnyatauii [4].
3BaxalouM Ha OOCTATHIO KiNbKiCTb OKCMAy 3anisa B
po3nnasi CKIoMacu BUKOPWUCTaHHSI MarHiTHUX nonis €
LifIkOM BUMNpaBAaHUM.

NMOCTAHOBKA NPOBJIEMU

[ocnigxeHHa NpucBAYeEHi AaHin TemaTuli B OCHOB-
HOMY HarnpaBreHi Ha BMKOPWUCTaHHS MarHiToenekrpuy-
HUX edeKTiB KOTpi BMHUKAOTb NPU BUKOPUCTaHHI Yy
rasoBMX CKMOBapHUX Mevyax enekTpuyHoro nigirpisy
abo GesnocepeaHbLO Yy E€MNeKTPUYHUX CKIOBapHUX ne-
yax [5,6]. 3HayHO pigwe MarHiToenekTpuyHe nepemi-
LWYBaHHS PO3MMSAAETbCA SK OKPEMMUI acnekT KOTpui
30aTeH NoKpaluMTU roMOreHisadito cknomacu Ta 3abes-
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researches of the influence of magnetoelectric
systems on the forming of the glass flow meets
even more seldom [9]. In fact, the creation of this
kind of automatic control systems of glass melting
furnace, which could have a control of the magnetic
field to control the mixing glass on the one of the
circuits, has not been enlightened yet. That's why
the problem of development and research of this
kind of control system is important.

MAIN ARTICLE

As we can see from numerous of researches,
chemical and thermal homogeneity of glass plays a
significant role in the formation of high-quality glass
products [10]. Mechanical stirring and bubbling are
used in glass furnaces to ensure homogeneity of
the glass. Important aspect in this regard is stirring
with the use of magnetic fields. However, this type
of stirring is not learned enough and is rarely used.
The use of magnetic stirring is additional way for
glass homogenizing process and works in stationa-
ry mode, in spite of the parameters of the furnace.

Additional stirring with the use of magnetic fields
is possible in the production of glass with sufficient
volume of iron oxide. Current passes molten glass
by direction of its movement. High- frequency
magnets are based on both sides. The Lorentz
force affects on the moving charge in a magnet.
The direction of Lorentz force is determined by the
rule of the left hand.

neynTy gogaTtkoBun pyx cknomacu [7,8]. LWe pigwe 3y-
CTpiYaloTbCA OOCNIMKEHHS BNAMBY MarHiToenekTpuy-
HUX cucteM Ha popmyBaHHA MOTOKIB cknomacu [9].
DaKkTUYHO He po3rnsaaeTbCsi MOXIUBICTb CTBOPEHHSI
aBTOMaTM4HOI CUCTEMM KEPYBAHHS CKITOBAPHOIO MiYyio,
KoTpa 6 0gHUM i3 KOHTYpIB Mana KepyBaHHSA MarHiTHUM
nonem AN nepemillyBaHHSA CKIIOMacu. Takum YMHOM
noctae 3agaya po3pobkM Ta [AOCNIAXEHHS Takoi
CUCTEMU KEPYBAHHS.

OCHOBHWUW TEKCT CTATTI

AK nokasyroTb YMCMEHHI JOCTIAXEHHSA 3HAYHY POSb
y chopmyBaHHi siKicHMX CkNoBUPOOGIB Bidirpae xiMiyHa Ta
TepmiyHa ofHopigHicTb cknomacu [10]. Ana 3abesne-
YEHHS1 OAHOPIOHOCTI CKMOMAacu y CKMOBapHUX nevax
BMKOPUCTOBYIOTb MeXaHi4yHe nepemillyBaHHs Ta 6ap-
6oTax. BaxnueBum acnekTom y LIbOMy Hanpsimi € nepe-
MillyBaHHA 3a [JOMOMOrol MarHiTHMX nonis, npoTte
AaHun BUA nepeMillyBaHHA HeJOCTaTHbO BUBYEHUN i
AyXe piako BMKOPUCTOBYETLCHA. BMKOpUCTaHHA MarHiT-
HOro nepemillyBaHHA 3BOAWUTLCA OO TOro, IO BOHO
BUKOPUCTOBYETLCA B SIKOCTi 4OOATKOBOro 3acoby ans
romoreHisauii cknomacu i npaute y crauioHapHOMY
peXunmi He 3Baxkatoun Ha napaMeTpu poboTH neui.

[opaTtkoBe nepemillyBaHHs 3a JOMOMOrOK MarHiT-
HUX MONIB MOXIMBE MpK BUPOOHUUTBI ckna i3 gocrat-
HBbOK KIMbKICTIO okcuay 3aniza. CTpyM nponyckaeTbest
Yyepes ckromacy y Hanpsamky ii pyxy. 3 o6ox 6okis pos-
TalloBaHi BUCOKOYACTOTHI MarHitu. Ha pyxomuin 3apsag
y MarHiTHoMmy noni gie cuna JlopeHua, HanpsiMoK SKOI
BM3HAYaETLCS 3a MpPaBUIIOM NiBOi pykn. CxemaTuyHO
OaHu i3NYHUIA acnekT onncaHum Ha puc. 1.

The physical aspect is schematically described

N

Fa

on the Fig. 1.

S I ®

Fig. 1 - Schematic representation of the magnets location and direction of the Lorentz force in a glass furnace / Cxemamuy4+e
306paXkeHHs po3maulysaHHs MazHimie ma HanpsiMky cunu JlopeHya y cknosapHit neyi

The Lorentz force changes the movement of
the glass and rises less cocked molten glass
from the bottom, thus intensifying its mixing. The
density of the Lorentz force plays a great role
and can be determined from the formula:

3a paxyHok cunm JTopeHua pyx CKroMacu 3a3Hae 3MiHu
migHiMalouM 3 OHa MeHWe npoBapeHy cKromacy, TuMm
caMuM iHTeHcudiKytoun 1i nepemillyBaHHs. BusHavanbHy
porb Bigirpae ryctvHa cunu JlopeHua KoTpa BU3HaYaeTbes

i3 hopmynu:

F, =0o(E+E;+(vxB))xB

ne, o=
E+vxB

- eNneKkTpuYHa NpoBiAHICTb KOTpa BU3HAYaETbCA i3 3akoHa OMa, E — HanpyxeHiCTb enekTpu4HOro

nons, V- WBKUAKICTb PyXy CKIiomacu, B — rycTMHa MarHiTHoro notoky, J — ryctuHa eneKkTpuyHoOro cTpymy.
CknafoBa cE - ONVCYe eNeKTPUYHNIA CTPYM 3a paxyHOK enekTpuyHoro noteHuiany (E = -grade), ok; -

iHOYKUIVHUIA CTPYM KOTPUI BUHMKaE Yepes3 3MiHHE MarHiTHe none, cknagosa o(vx B) BuHUKae BHacnigok
KOHBEKLiT y cknomaci.

where ¢ =
V X

— electrical conductivity which is determined from Ohm's Law, E -intensity of the electric field;

v — speed of glass movement; B — density of the magnetic flow; J — density of electric current. Component oF —
describes an electric current through the electric potential (E=grad¢), o£; — induction current which arises from

the alternating magnetic field; component o(vx B) is caused by convection in the glass.
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This equation describes internal and external
components of the Lorentz force. The internal
component of the Lorentz force is explained by the
process occurring in glass, and according to the
researches[6], has a little impact on the movement
of glass. The main part of the Lorentz force, which
makes glass move vertically, is created by the
influence of external magnetic field: [1].

[aHe piBHAHHA onucye ABi cknagosi cunu JlopeH-
La, BHYTPILWHIO | 30BHILLHI0. BHYTpilWWHA cknagosa cunu
JlopeHua nosicHIETLCA Npouecamu Wo BigdysaloTb B
cknomaci i Sk nokasylTb AochifkeHHs [6] matoTb
He3Ha4YHU BNMB Ha pyx cknomacu. OCHOBHa YacTuHa
cunu JlopeHua KoTpa MpU3BOAUTL OO MepeMilleHHs
CKromacu y BepTUKarnbHOMY HampsiMKy BWHMKAE 3a
paxyHOK BMNMBY 30BHILLHLOrO MarHiTHOro Nons :

Fr =3 xBspn Q)

Distributing temperature fields equally and
providing chemical homogeneity can be granted by
this mixing. Sketch 2 shows the structure of a
control system which allows taking into account the
above mentioned effect.

[aHe nepemilyBaHHA [O3BONSAE PIBHOMIPHO poO3no-
OinuTn TemnepaTtypHi nons Ta 3abesneyntu XiMivHy
OAHOpIAHICTb. Ha puc. 2 npeacrasneHa CTpykTypa cuc-
TeMU KepyBaHHSl KOTpa [O3BOMSIE BpaxyBaTu BuLle
HaBeOeHu edexT.

v

Fuzzy controller
Heuitxuit peryaatop

v

Magnets Power
TToTyXHiCT MarHiTie

v

Temperature controller
Perynatop TeMmneparypu

Glassmaking furnace
CkioapHa 4 >

Fig 2. - The structure of a control system which allows taking into account the above mentioned effect /
CmpykmypHa cxema cucmeMu Kepy8aHHs1 CKII08apPHOI0 MiY4t0 i3 MagHIimHUM repemilly8aHHsIM.

This dual-circuit control system consists of a
primary circuit which is described in one of the
researches [3]. The second circuit consists of
power and frequency of magnets control system
which is based on fuzzy controller. To ensure the
operation of the fuzzy controller, there was a survey
for the experts in the sphere of glass production
which allowed to form basic rules of fuzzy
controller. Despite the presence of a number of
bubbles and other glass defects (glass threads),
fuzzy controller is responsible for power and
frequency of magnets (for example, if there are
many bubbles, it means that convective motion of
the glass is not enough. Glass mass has no time to
get free from gas inclusions and then fuzzy
controller increases power of electromagnets and
intensifies the glass convection. It is then better
mixed and gets free from gas inclusions, and
provides less defective products on the output.)

The researching of developed control
system via simulation

Simulation was conducted to investigate the
developed control system. During the research, the
input signal system was the information about glass
products quality — namely, the number of bubbles
and other glass defects (glass threads). This
information was received by a fuzzy controller. The
task was formed to a fuzzy controller as power and
frequency of the magnets, according to the expert
rules base. The results of this research are
presented in graphs on Fig. 3-5.

Oana ABOKOHTYpHa cuctema KepyBaHHS
CKIMafaeTbCH i3 MepLIOro KOHTYPY KOTPUM ONUCaHUn Y
[3]. Apyrvii KOHTYP CKNafaeTbCs i3 CUCTEMMU KepYBaHHS
MOTYXHICTIO Ta YaCTOTOK MarHiTiB Ha 6asi HeuiTKoro
perynatopa. [Ansi 3abesneyeHHs pobOOTU HEYITKOro
perynatopa Oyno MpoBeAEHO OMNUTYBaHHS EKCNepTiB
CKINoBapHOro BMPOOHMLUTBA KOTpE B CBOK 4epry
possonuno cdopmyBatu 6asy npaBun  HEYiTKOro
perynatopa. HeuiTkuin perynatop 3BaxawuuM Ha
HasiBHICTb TiET YM iHLWOT KinbkocTi Bynbballok Ta cBunb
Kepye MOTYXHICTIO Ta 4acTOTOK MarHiTiB (Hanpuknag,
barato Oynbbawok, ue CcBigYMTL MPO HeJocTaTHIN
KOHBEKTUBHUIM pPyX CKIOMacu, KOoTpa He BCTUrae 3Bi-
NBHUTUCH Bif ra3’oBUX BKITOYEHb, TOAI HEYITKUN pery-
NaTop  NiABULLYE MOTYXHICTb €NEeKTPOMarHiTis  TUM
CaMnM iHTEHCUIKYOUM KOHBEKLi0 CKromacu, BOHa
Kpalle nepemillyeTbCqd TUM CaMUMM 3BifbHAKOYUCH Bif
rasoBux BKIMOYeHb 3abe3nevyoun Ha BMXOLi MeHLle
6paky.)

[ocniaxeHHA po3pobrieHOi cucTeEMMU KepyBaHHA
Wwnsixom imiTauinHoro moaentoBaHHA.

3 MeTow AochnimpKeHHs po3pobreHoi  cuctemm
KepyBaHHs1 Oyrno nNpoBeAeHO iMiTauiiHe MOAENOBAHHS.
Mig yac gocnigXeHHs BXiOHUM CUrHanoMm cuctemm cry-
rysana iHgopmauis npo sikicTb BUpOGIB CKMsIHOT npo-
OyKuii, a came — kinbkicTe bynbballok Ta ceunb. JaHa
iHdbopMalia noctynana Ha HeuiTkui perynsitop. Y He-
YiTKOMY perynsitopi 3rigHO ekcnepTHoi 06a3u npaBun
dopmyBanock 3aBAaHHsA y BUrMSAI NOTYXHOCTI Ta yac-
TOTU POBOTU MarHiTiB. Pe3ynbTati gaHOoro AOCHigKeH-
HA NpeAcTaeneHi y surnagi rpadikis Ha puc. 3-5.
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Fig. 3. - The temperature values in the cross section of the furnace at the place were magnets are based. / 3HayeHHs
memnepamyp y nornepeyHoMy rnepepisi nedi 6e3 eKIOYEHHS eflekmpomazHimHoi cucmemu
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Fig. 4. - The temperature change values in the same section of the furnace in 15 minutes after magnetoelectric system is turned
on. / 3HayeHHs1 memnepamyp y nornepeyHoMy repepisi neyvi 4epe3 15 x8uUuUH Mic/s 8KIMIOYEHHS eflekmpoMagHimHoi cucmemu
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Fig. 5. - The change in temperature values in the same section of the furnace in 1 hour after magnetoelectric system is turned
on. / 3HayeHHs1 memnepamyp y nornepeyHoMy repepisi neyvi 4epe3 1 200UHY Mic/1s 8KITKOHYEHHS efIeKmpoMagHimHoi cucmemu

Figure 3 shows the temperature values in the cross
section of the furnace at the place were magnets are
based. Magnets are not working. As it can be seen from
the figure, there is a significant temperature gradient by
the height of glass mass. That leads to poor penetration
of the glass and as a result, the defects may occur.
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Ha puc. 3 npeacTaBneHo 3HayeHHs Temnepartyp Y
rnonepeyHoMmy nepepisi neyi y Micui BCTaHOBMNEHHS
MarHiTiB. MarHiTu He npauTb. AK BUAHO 3 PUCYHKY
CnocTepiraeTbCA 3Ha4YHWM rpagieHT Temnepatypu Mo
BMCOTi CKMOMAacH, WO NpU3BOAUTL 4O MOraHoro nposapy
CKromacwm i, ik pesynbTaTt, BUHUKHEHHS Bpaky.
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Figure 4 shows the temperature change values in the
same section of the furnace in 15 minutes after
magnetoelectric system is turned on. The figure shows
that the magnet system intensifies the convection
streams and lifts cold glass from the bottom of the
furnace, thus increasing the average temperature of
glass.

Figure 5 shows the change in temperature values in
the same section of the furnace in 1 hour after
magnetoelectric system is turned on. As it can be seen
from this figure, temperature gradient has been
decreased. It reduces the number of defective products.
The irregularity by the furnace width is explained by the
working of appropriate pair of burners.

CONCLUSIONS

According to the investigations, the use of
magnetoelectric system for additional mixing is an
effective way in the process of intensifying thermal and
chemical homogenization of molten glass. Reducing
temperature gradient in a furnace decreases the output
of defective products.
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Ha puc. 4 npegcraBneHa 3miHa TemnepaTypHUX
BENUYMH Y TOMY X nepepisi nevi yepes 15 xBunuH nicns
YBIMKHEHHS1 MarHiTOenekTpuyHoi cuctemu. I3 puCyHKy
BMAHO LIO MarHiToenekTpuyHa cuctema CBoeto poboTor
iHTEHCUIKYE KOHBEKTUBHI NOTOKW MigHIMaouu i3 gHa neui
XOIoAHy CKromacy, MiABULLYIOYN CepefHIo TeMnepartypy
CKIlomMacwm.

Ha puc. 5 npeacraBneHa 3miHa TemnepaTypHUX
BENMUYMH Y TOMY X nepepisi neyi 4yepes 1 rogmHy nicns
YBIMKHEHHSI MarHiTOeneKkTPUYHOi cucteMun. Ak MOoXxHa
0aunTn i3 gaHoro pucyHka TemnepaTypHur rpagieHT
3MEHLUMBCS, WO NPU3BOAMTbL OO0 3MeHLIeHHA BpakoBaHOi
npoaykuii. HepiBHOMIpHICTb NO LMPUWHI NeYi NOACHIETHCA
po60oTol0 B AaHWUA Yac BigNOBIAHOT Napy NanbHUKIB.

BUCHOBKU

Ak nokasyoTb NpoBefeHi JOCNIOKEHHS, BUKOPUCTaH-
HS1 MarHiToeneKkTPMYHOI cucTeMn Ans gogaTKoBOro nepe-
MiwyBaHHA € e(EeKTUBHMM Crnocobom iHTeHcudikauii
npoueciB TePMiYHOI Ta XiMiYHOT rOMOreHi3auii y ckrnomaci.
3MeHLUEeHHS rpafieHTy TemnepaTtyp y nedi NpusBoavTb
[0 3HKEHHS Ha BUXoAi OpakoBaHoi NpoayKLii.
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