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Anoranis. [TogaHo ommc ekCIepUMEHTANILHOTO YCTaTKYBaHHS JJIsl BIAIIPAIIOBaHHS CHOCOOY BUMIpPIOBaHHS
TEMIIEpaTypy PO3ILUIaBY METATy 3a JOIMOMOIOI ONTHYHOIO BOJIOKOHHOIO MipoMeTpa. TemrepaTypy 3alnporoHOBaHO
BUMIpIOBaTH, 3aHYPIOIOYH 30H]] Y METaJ Kpi3b IIap IUIaKy.

Kurouosi ciioBa: TeMriepaTypa, MeTal, 30H/, IUIaK, 0e3KOHTaKTHE BUMIipPIOBaHHS, IPOMETP.

Abstract. Two main methods of contact measurement of steel temperature are applied in industry: with help of
disposable and multiple used thermotransducers. Reusable ones are fixed to the bottom of the graphite tip fixed
directly on the reinforcement. Then they are able to measure the temperature of the graphite surface. Since it needs to
even the graphite temperature and the temperature of the melt metal, the measuring takes some extra time. Therefore
the thermotransducer is mounted in the metal for a long time. Disposable thermotransducers are placed in a quartz
cylinder, which prevents the premature destruction of it. They are equipped with athin protective metal tip that melts
when the thermotransducer is penetrating the slag layer. So further the thermotransducer contacts directly with the
melt meta as far as the completion of temperature measurement or destruction of the used measurement unit. The
author suggests considering both these methods and tries to apply them within proposed pyrometric method.

The first method is based on measuring of the surface temperature of the graphite tip in a closed space. The
second one consists in measuring the temperature of melt metal that can contact with measuring unit (sensitive part of
congtruction) after the destruction of the protective cap. The advantages of the first method are that the same probe
can be used multiple times, in fact until complete destruction. The advantages of the second method consist in the
direct optical contact between the metal surface and the pyrometer.

The considered method is promising since it gives the possibility of contactless measurements of the
temperature of melt metal within blast furnaces as well as lowering the cost of the measurement process at the
metallurgy. In addition, the research envisages that the implementation of this method anticipates the subsystem for
the removal of vapors from the closed protective cover that sgnificantly affect the measurement results.

Key words Temperature, Metd, Probe, Slag, Contactless Measurement, Pyrometer.

Beryn BaHI Ha BUMIPIOBaHHI came TeMIiieparypu merainy. Tomy
OYCBH/HO, IO JOBEIETHCS 3aCTOCOBYBATH OAMH i3

OueBnHO, WO JUIsl BUMIDIOBAHHS TEMNEPATYPH  pykopHCTOBYBAHKX BAPIaHTIB KOHCTPYKILiiL i3 30HIAMH.
MeTaly M IapoM IUIAKy HEMOKIMBO 3aCTOCOBYBATH

crocoOu [yl BHMIPIOBaHHS TeMIlEpaTypd IOBEPXHI
OesmocepenHbo. [[poMy 3aBarkae TOBCTHII miap IUIAKY,
TeMIlepaTypa SKOr0 ICTOTHO BiJPi3HAETHCS BiA TeMIle-
parypu Merany mia nuiakoM. Jlo Toro x Ha rpaHuIi
PO3IiNY MeTany # IUIaKy MOXyTh BixOyBaTwcs iHTeH- — METany, TOOTO IMOBEPXHS MeTally Oyle BiIKPUTOIO IS
CHUBHI XIMIYHI peaxilii, sKi TaKOX CYyIMPOBOIKYIOThCS  HBOrO. 3aKpUTHM 30HOM Ha3MBaTHUMEMO 30HJ, B IKOMY
3MiHaMH TeMmIepaTypy. TexXHOJIOril BapiHHA CTalli OCHO-  ONTHYHMI JaTYUK Oyde COPSIMOBaHWI Ha IOBEPXHIO

MoxJMBI JeKijibKa BapiaHTiB MOOYJIOBU 30H/A,
SIKMH MOXKe OYyTH BIAKPUTUM a0o0 3aKpuUTuUM. Bigkpurum
30HJIOM Ha3MBaTHMEMO 30H]I, B SIKOMY ONTUYHUI JaTUHUK

Oyme Oe3mocepenHbO CHOPSIMOBAHMWN Ha IOBEPXHIO
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sIKOT-HeOyIb MPOMIXKHOT pEeUOBHHH, sKa “TiepeaaBaTume”
TEMIIEpaTypy MeTaiy.

OdyeBHIHO, 100 MPOOUTH IIAp ILTAKY, HA eTarl
3aHYpEHHS B METaJl 30HJ HEOOXiJJHO 3aKPUTH 3aXUCHUM
KOBIIAYKOM, MO0 3amoOirTi MOTPAIUISIHHIO B HBOTO
nUiaKy, 0o Iie Npu3BeAe A0 HENpaBHIBHOTO BUMIPIO-
BaHHS TEMIICPATYPH.

CporofiHi B IPOMHCIIOBOCTI BUKOPUCTOBYIOTh JIBa
OCHOBHI CITOCOOM KOHTaKTHOI'O BUMIpPIOBaHHS TeMIlepa-
TypH CTaii: 3a JOIIOMOrOl0 OJHOPa30BUX 1 Oararo-
pasoBux Tepmomnap [1-3]. Baratopa3omi TepMmomnapu
3aKpIIUTIOIOTh Ha JHI TpadiToBOr0 HAKOHEYHHKA 1
(haKTUYHO BUMIPIOIOTH TEMIIEPATYpy MOBEPXHI rpadiry.
Jnst Toro, mo0 Temmeparypa rpadity 3piBHsIIAcS 3
TEMIIepaTypoOr0 MeTaiy, Tpeba MIeno OiIbIIe Yacy, TOMY
3a TAaKOro CHocoOy BHMIPIOBaHHS TEMIIEpaTypH 30H]
3aJIMIIAEThCS B MeTami foBiie. ['padiToBuii HAKOHEYHUK
3aKpIILTIOIOTH 0E3IT0CepPEHBO Ha apMaTypi.

OaHOpa30Bi TEpMOIAPH PO3MIIIYIOTh Y KBapIlO-
BOMY 0aJIoHi, 110 3arno0irae neperyacHoMy pyiHYBaHHIO
TepMoInapH, BOHU MalOTh TOHKUI 3aXUCHUIH HAKOHEUYHHK
i3 JIErKOIUTABKOTO METally, SIKMH PO3IUIABIISETHCS, KOJIH
30HA TpoOuBae map nwiaky. Hapmami Tepmonapa
KOHTaKkTye Oe3nocepenHbo 3 METAIOM [0 3aBEPIICHHS
BUMIpIOBaHHS TeMIepaTypu a0o OBHOTO PYHHYBaHHS.

[IpornoHyt0 pO3MIAHYTH OOHIBA IIi CIIOCOOM U Y
3aCTOCYBaHHI JI0 ipoMeTpa.

[epmmii crioci6 Oyne moOymoBaHMI HAa BHMIpIO-
BaHHI TeMIlEpaTypd TIOBEpPXHI rpadiTOBOro HaKo-
HEYHHKa B 3aMKHEHOMY IIpOCTOpi, JIpYrHid — Ha
BUMIpPIOBaHHI TEMIEpaTypu MeTaly, 10 MOTPAIHTh IO
30H[a ITiCIIsl pyHHYBaHHS 3aXHUCHOTO KOBIIayKa.

[epeBaru mepmioro cnocody MoNsTalTh Y TOMY,
110 TOW CaMUii 30HI MOXKHa BUKOPUCTOBYBATH OllbIle

2

HK OAMH pa3, (aKTUYHO M0 MOBHOIO PYHHYBaHHSI, a
JIPYroro B TOMY, IO 3a0e3meuyeTbes Oe3mocepenHiit
ONTUYHUI KOHTAaKT MIiX TIOBEPXHEI0 MeTany 1 Mipo-
METPOM.

KoncTpykuisi yeraTkyBaHHS U1 BUMipIO-
BaHHS PO3IJIABY MeTAJy ONTUYHUM CIIOCO00M

Sk mipomerp IS 3alpONOHOBAHOIO CHOCO0Y
BUMIpDIOBAaHHSI TEMIIEpaTypy MeETajly 3alpOIIOHOBAHO
3aCTOCOBYBAaTH BOJIOKOHHHMW ONTHYHUHA TipoMeTp i3
OIITHYHOIO TOJIOBKOKO, IOMIMIEHOI Oe3rnocepesiHbo B
ycTaHOBYil apmaTypi. ONTHYHA TOJIOBKAa 0O€3 eJeKT-
POHHHX €JIEMEHTIB CIIPOMO)KHa BUTPHUMYBaTH HabaraTto
BHUIIII TEMIepaTypH. BIOK eJIeKTpOHIKH MOYKHa BUHECTH
y TIOPIiBHSHO O€3Me4Hy YacTHHY YCTaHOBYOI apMaTypH i
po3MicTuTH Oe3MocepeHb0 B Ti YacTHHI, 3a SKy
apMaTypy TpUMaTHMe OIepaTop.

Jus anpobanii crnocoOy BHMIpIOBaHHS TeMIIe-
paTypud 3a JOIIOMOrOI0 IipoOMeTpa BHOpPaHO BiIOMY
KOHCTPYKIIIFO YCTaHOBUOI apMaTypd, 3 BiJIIOBIIHUM
JIOOIIPAIIOBAHHAM Ul  MOXKJIMBOCTI poOOOTH sIK i3
3aKpUTUM, TakK i 3 BigKpuTUM 30HA0M. Lle 3abe3neueHo
HAaOOpOM  3MIHHUX  TI€peXiJHUX  HacaloK,  sKi
BCTAaHOBJIIOIOTh B)KE IMICIISl ONTHYHOI TOJIOBKH ipoMeTpa
1 Ha SIKMX MO)KHA 3aKpiIUToBaTH a00 BiIKpHUTHH, a00
3aKPUTHHA 30H].

Sk 3aKpuTHH 30HI 3aCTOCOBYEThCS TpadiTOBHI
HAaKOHEYHUK, a SK BIJKPUTUH BUPIIIMIA BHKOPUCTATH
POOOBIAOIPHUKH, NEIIO CHPOINEHI i mepepoOIeH] st
uineit ekcriepuMeHTy. ®akTUUHO TNPOOOBIIOIPHUKU €
KapTOHHUMH OJHOPa30BUMH LWJIIHAPUYHUMH MaKETaMH
i3 3aXMCHOI KpPHIIKOK Ha KIHII. 3aKpiIUTIOOThH IIi
poOOBII0IPHUKK HAa apMaTypi Tak camo, SIK 1 3BUYaiiHO.

4

Puc. 1. Koncmpyxyis excnepumenmanbHoi ycmanoguoi apmamypu.
1 — 3akpumuii 3010; 2 — nepexiona nacaoka, 3 — nepexionux 0t 6CMAHOBIeHHsl HACAOOK,
4 —ycmanosua apmamypa iz 6CMano61eHUM NiPOMEMPOM

Fig. 1. Design of experimental installation fittings:
1 — protected thermotransducer; 2 —tranditive nozzle; 3 —adapter for installation of nozzles;
4 —fittings with the installed pyrometer
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Puc. 2. Bapianm xoncmpykyii' excnepumenmanbiol ycmanoguoi apmamypu i3 3aKpumum 30H00OM:

1 — 3akpumuii 3010; 2 — nepexionux O 6CMAHOBIEHHA HACAOOK; 3 — ONMUYHA 207108KA BOTOKOHHOZ0 Nipomempa,

4 — sonoxonnuil onmuyHull Kabens, 5 — On0K enekmpoHiKu 8010KOHHO2O NIpoMempa

Fig. 2. Construction of experimental ingtallation fittings with protected ther motransducer:
1 — protected thermotransducer; 2 — adapter for installation of nozzes; 3 — optical head of fiber-optical pyrometer;
4 —fiber-optic cable; 5—block of eectronics

Jlnst mpoBeNeHHS EKCIIEPUMEHTAbHUX BHMIpIO-
BaHb BHOpPAaHO KOJHOPOBUH  BOJIOKOHHO-OITHYHUMA
mipomerp ¢ipmu Raytek cepii Marathon — Marathon
FR1C. MakcumanpHO JOMyCTHMa TeMIIepaTypa HaBKO-
JIUIIHBOTO CEPEeNOBUINA JJIsi 3aCTOCOBAHOTO Kademro i
ontuunoi roioBku 310 °C, 1m0 1ae 3MoOry po3TamryBaTH
iX JOCTaTHBO OJHM3BKO N0 30HMAA. Jliama3oH BHMiproBa-
HUX Temmeparyp mipomerpa Marathon FR1C cranoButh
Bimx 1000 °C mo 2500 °C. JloBxkuHa Kabemo — 3 M.
[TipomeTp nomyckae 3aMiHy KaOeigr0 Ta ONTHYHOI TO-
JIOBKM y BWIAIKYy TIIOMIKOKEHHS ©O€3 IOBTOPHOIO
KamiOpyBaHHs Bciei cucreMu. Po0Oodi  criekTpasibHi
qMiama30HM JBOX KaHAIIB IIpOMETpa  CTaHOBJATH
0,8500...1,1 mxm Ta 0,95.. 1,1 MKM BIAIIOBigHO.

Cucrema peectpaiii nokasis mipomerpa

IMokasn mipomerpa MOXKHAa 3HIMAaTH JBOMa
crocobaMu: uepe3 aHAJIOrOBHH BHUXiI MipoMeTpa abo 3a
JIOTIOMOT'OF0 TIPOMUCIIOBOTO IudpoBoro inTepdeiicy RS
485. Jlna Toro, mo0 YHUKHYTH MOXUOKH TOMATKOBHX
MIepETBOPEHb aHAJIOTOBOI'O CUTHANY i 3pOOMTH BUMIpH
Oibie
NPUIHATO PIlIEHHS AJIS 3HIMaHHS MOKa3aHb HipoMerpa

3aXUICHUMHA Bi)l CJICKTPUYHHUX HaBCJCHbD,

BHUKOPHCTOBYBATH TUIBKU HOTO IIM(POBUIA BUXIi.

JI71s1 3HSTTS TeMIIepaTypHHUX MOKAa3iB i3 mipoMeTpa
i 3 KOHTaKTHOI TepMoIlapu 3poOJEHO CrelliaTbHUN
iHTepdeiicHni OJI0K, 110 3a0e3Ieuye MepeTBOPEHHS CHT'-
Hally TepMomnapu Ha IHU(POBUH KOA, a TaKOXK Iepe-
JlaBaHHs 310paHUX pe3yJbTaTiB BUMIPIOBAHb 3 ITipoMeTpa
i 3 Tepmonapu uepe3 BOynoBanuii nopt RS-232. Crpyk-
TYpHY cXeMy iHTepdeiicHoro 010Kka HaBeeHO Ha pHC. 3.

[TipomMeTp MOXe TpaIfOBATH SK Y ITOTOKOBOMY
PEeXHMI, ITOCTIHHO BUAAIOYM PE3YNIbTATH BUMIPIOBaHb Ta
iH(OpMaIiio Mpo CBill cTaH BiJIIOBIJHO JO MONEPEAHBO

3amaHoi KoHQIrypaii, Tak i B ONUTYBAILHOMY PEXHUMI,
BUIAI0YH HEOOXIIHUI mapameTrp BiAMOBIJHO JO 3aIuTy.
Cucrema KOMaHZ TMipoMeTpa Ja€ 3MOry OTpHUMaTH
MPaKTHYHO BCIO HEOOXiAHY iH(pOpMAaIilo Hpo BUMIpIO-
BaHHS Ta IXHI pe3yJIbTaTH: KOJBOPOBY TEMIIEPATypY,
SICKpaBICHY TeMIIepaTypy KOXKHOTO i3 KaHaJiB, CHTHAJ
BUIIPOMIHIOBaJIbHY
3JIaTHICTh, BUKOPHUCTAHY JUII OOYUCICHHS TEMIEpaTypH,

npuiiMaya KOXKHOTO 13 KaHaliB,

BiJIHOIIICHHS BUIIPOMIHIOBANBHHUX 3aTHOCTEH IS TBOX
poOOUMX  CIIEKTPANbHHUX Jliala3oHiB, SIKE 3aCTOCO-
BYBAJIOCSI ISl BUMIPIOBAHHS TEMITEPATYPH TOIIIO.

Marathon
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Puc. 3. Cmpykmypna cxema inmepgheticnoeo onoka
0TI eKCNEPUMEHMATbHUX BUMIPIOBAHb

Fig. 3. Block diagram
of theinterface unit for investigation
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[lepeTBOpeHHS CUTHATY TepMoIiapy Ha IudpoBuit
CHTHajJ BiIOyBaeThcs 3a JIOIOMOTOIO IE€PETBOpIOBaYA
[-7018P. TIloxuOka BUMIpIOBaHHSI TEMIIEPaTypud 3a
JIOTIOMOT'OI0  [IbOTr'0  TiepeTBoproBadya cranoButh +0,1 %
BiJl BUMiPIOBAHOT'O 3HAYCHHS.

Pe3y.]1LTaTl/l CEKCIIEPUMEHTAIBHUX )IOCJ'[iIDKeHL

JIns 3aXUCTy ONTHUYHOI TOJMIOBKU Bil MOMXIIABHX
OpH30K MeTally BUKOPHUCTAHO KOHCTPYKINIO i3 3aXHCHONO
JIPOTOBOIO CITKOFO 1 3aXMCHUM CKJIOM, SIKi JIETKO 3aMiHUTH B
pasi MOMIKOMKEHHS OpPU3KaMH PO3IIABICHOr0 MeTay. J{is
BUSIBJICHHS BIUTMBY HAsBHOCTI 3aXHUCHOTO CKJIa 1 METaJIeBOl

—L 1
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CITKM Ha TIOKa3aHHS TipoMeTpa B KaJiOpyBaIbHIH
naboparopii TOB CI “Xapkis-Ilpunax” 3xiiicHeHo
KalniOpyBaHHS IipOMETpa i3 BCTAHOBJICHHMH CITKOIO 1
ckiIoM 1 6e3 Hux Mo yopHomy Tinmy Raytek BB6000. ¥V
pe3yabTaTi BUMIPIOBAHb 3aJIGKHOCTI KOJIBOPOBOI TEM-
nepatypu (IOKa3iB MipoMeTpa) BiJ HASBHOCTI YU Bij-
CYTHOCTI 3aXHCHOT'0 CKJIa 1 3aXHCHOI CITKH He BUSBJICHO.

ExcrieppuMmenTanbHi  AOCHI/KEHHS 3a  TPOIO-
HOBAaHMM METOJIOM BUMIpPIOBaHHS TEMIEpaTypu po3-
TUIABJICHOTO METajy IPOBOIMINCS Ha METalypriiHOMY
KoMOiHaTi B JoOMeHHIH meui. CxeMy BHMIipIOBaHb
MOKa3aHo Ha puc. 4.

I

/

IIInax

Posmias
MeTany

ITiu

/

Puc. 4. Cxema excnepumeHmanbHux UMIpIo6aHs meMnepamypu posniagy Memany 6010KOHHUM HiPOMempom

Fig. 4. Sudy of the temperature of the melt metal with help the fiber-optic pyrometer
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Puc. 5. Pe3ynomamu sumipiosais memMnepamypu 3 BUKOPUCMAHHAM 3aKpUmMoz0 epapimoeozo 30H0a

Fig. 5. Results of temperature measurements using the protected graphite probe
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[licns  mnpoBeneHHs TPOOHMX BHMIPIOBaHb 32
JIOTIOMOT'OI0  BIZIKPUTOTO 1 3aKpUTOro 30HIIB OTPUMAaHO
pe3ynbTaTH, HaBeleHI Ha puc. 5. MakcuMmanbHe 3HAYEeHHS
BUMIpIOBAHOI TEMIIEpaTypH, OTPHMaHe 3a JOHNOMOIO0
mipomerpa, — 1323 °C. BoaHouac BHUMiproBaHHS
TeMIIepaTypyd TEPMOIIApPOI0 Jlajd 3HA4eHHs TeMIlepaTypu
1669 °C. TIlicns BuUMIpIOBaHb OOCTEKCHHS ONTHIHOL
TOJIOBKHU IMPOMETpa MOKa3aJl0 BUHUKHEHHSI TOHKOI TLTiBKH
Ha ONTUYHUX MOBEPXHSX T'OJIOBKH. Lle Moke cBimIMTH 1IpO
HasBHICTh TapiB BCEPEOMHI 3aKPUTOrO IEPETBOPIOBAYA
TeMIeparypy, MI0 MOXYTh 3aBAKATH BUMIPIOBAHHIO
TeMIrepaTtypy, HaBiTh 3a  JIOIIOMOIOI0  HipoMeTpa
CIIEKTPAJIbHOrO  BiAHOIICHHA. [lomarnblie KamiOpyBaHHS
BOJIOKOHHO-ONTHYHOrO IPOMETpa I0Ka3ajo, IO IUTIBKA,
sKa YTBOpPWIAcsS Ha ONTHYHUX IIOBEPXHSX T'OJIOBKH, HE
BIUIMBA€ CYTTEBO HAa TMOKa3aHHS MipoMerpa TijJ dac
BUMIpIOBaHHS TEMIIEPATYpH CHEKTPAIHLHOrO BiIHOIICHHS,
NpOTE BIUIMBAE HA TIOKA3aHHA y PEKUMiI BHMIpPIOBaHHS
SICKPaBICHOI TEMITEpaTypH.

Bucnosku

3anporoHOBaHUN METOJ] € TEPCICKTHBHUM CTO-
COBHO MO)KJIMBOCTI O€3KOHTAKTHOTO BHUMIPIOBAHHS TEM-
MepaTypyu PO3IUIABIICHUX METAJIB YCEPECIUHI JOMEHHUX
revei, a TaKoXK JIa€ 3MOT'Y iICTOTHO 3/ICIICBUTH BKa3aHi

BuMmiptoBaHHs. [l TexHiuHOI  peamizamii  MeTomy
HEOOXITHO BUKOPHCTOBYBATH CHUCTEMY BHIAJICHHS 13
MMOPOXKHUHU 3aKPUTOrO 30HAA IMapiB, sIKi ICTOTHO
BIUIMBAIOTh HA PE3yJIHTATH BUMIipPIOBaHb.
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