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Anorauis. [TogaHo ommc ekCIepUMEHTANILHOTO YCTaTKYBaHHS JJIsl BIAIIPAIIOBAaHHS CHOCOOY BUMIpPIOBaHHS
TEMIIEpaTypy PO3ILUIaBY METATy 3a JOIMOMOIOI0 ONTHYHOIO BOJIOKOHHOIO MipoMeTpa. TemrepaTypy 3anporoHOBaHO
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

OueBUIHO, IO AJIsI BUMIPIOBaHHS TEMIIEpaTypH
MeTajy MiJi IIapoM IUIaKy HEMOXKJIMBO 3aCTOCOBYBATH
crocoOu [yl BHMIPIOBaHHS TeMIlEpaTypH IOBEPXHI
OesnocepenHbo. [[poMy 3aBakae TOBCTHII miap IUIaKy,
TeMIepaTypa SKOro iCTOTHO BiIPI3HAETHCSA Bill TEMIIe-
parypu Merany mia nuiakoM. Jlo Toro x Ha rpaHuIi
po3Iiny MeTany W IUIaky MOXKYTh BilOyBaTHCS IHTEH-
CHUBHI XIMIYHI peakIlii, sKi TaKOX CYIPOBOKYIOThCS
3MiHaMH Temneparypu. TexHomorii BapiHHS craii

OCHOBaHI Ha BHMIPIOBaHHI camMe TeMIEpaTypH MeETaly.
Tomy o4eBHIHO, IO AOBEAETHCS 3aCTOCOBYBATH OJIMH i3
BHUKOPHCTOBYBaHHX BapiaHTIB KOHCTPYKIIH 13 30HAAMH.
MoxJMBI JeKijibKa BapiaHTiB MOOYJIOBU 30H/A,
SIKMH MOXKe OYTH BIAKPUTUM a0o0 3aKpuUTuUM. Bigkputum
30HJIOM Ha3MBaTHMEMO 30H]I, B SIKOMY ONTUYHUH JaTUHK
Oyme
MeTally, TOOTO MOBEPXHSA MeETany Oyae BiAKPUTOMO IS

0e3mocepesiHb0  CIPSIMOBAHHA Ha IOBEPXHIO

HBOTI'O. BaKpI/ITI/IM 30HIOM Ha3WMBATUMEMO 30H/, B IKOMY
OINTHYHMI JaTUYuK 6yz[e CHpHMOBaHI/Iﬁ Ha IOBCPXHIO
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SIKOT-HEOyIb MPOMIXKHOT pEeUOBHHH, sKa “TiepeaaBaTume”
TEMIIEpaTypy MeTaiy.

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

CporofiHi B IPOMHCIIOBOCTI BUKOPHUCTOBYIOTh JIBa
OCHOBHI CITOCOOM KOHTaKTHOI'O BUMIpPIOBaHHS TeMIlepa-
TypH CTali: 3a JOIOMOrOl0 OJHOPa30BUX 1 Oararo-
pasoBux Tepmomnap [1-3]. Bararopa3omi TepMmomnapu
3aKpIIUTIOIOTh HAa JHI TpadiToBOro HAKOHEYHHKA 1
(haKTUYHO BUMIPIOIOTH TEMIIEPATYpy MOBEPXHi rpadiry.
Hnst Toro, mo0 Temmeparypa rpadity 3piBHsIAcS 3
TEMIIepaTypoOro MeTaiy, Tpeba Jeno OiIbIIe Yacy, TOMY
3a TAaKOro CHocoOy BHMIPIOBaHHS TEMIIEpaTypH 30H]
3aJIMIIAEThCS B MeTami foBiie. ['padiToBuii HAKOHEYHHK
3aKpIIUTIOIOTH OE3II0CEPEHBO Ha apMaTypi.

OaHOpa30Bi TEpMOIAPH PO3MIIIYIOTh Y KBapIlO-
BOMY 0aJIoHi, 110 3ano0irae neper4acHoMy pyiHYBaHHIO
TepMoNnapH, i MalOTh TOHKHH 3aXUCHHI HAaKOHEYHUK i3
JIETKOIUIABKOTO MeETally, SIKHH PpO3ILIABISETHCS, KOIU
30HA TpoOuBae miap nwiaky. Hapmami Tepmonapa
KOHTaKkTye Oe3nocepenHbo 3 METAIOM 10 3aBEPIICHHS
BUMIpPIOBaHHS TEMIIepaTypu a00 OBHOTO PYHHYBaHHS.

[IpornoHyt0 pO3MIAHYTH OO0HIBA IIi CIIOCOOHM U Y
3aCTOCYBaHHI JI0 ipoMeTpa.

[epmmii crioci6 Oyne moOymoBaHHMIT HA BUMIpIO-
BaHHI TeMIlepaTypd TIOBEpPXHI rpadiTOBOro HakKo-
HEYHHKa B 3aMKHEHOMY IIpOCTOpi, JpYrHid — Ha
BUMIpPIOBaHHI TEMIEpaTypyu MeTally, 10 MOTPAIHTh N0
30H[a ITiCJIsl pyHHYBaHHS 3aXHUCHOTO KOBIIayKa.

[epeBaru mepmioro cnoco0y MoNsTalTh Y TOMY,
110 TOW CaMUil 30HI MOXXHa BUKOPUCTOBYBATH Ollblle

2

HK OAMH pa3, (pakTUYHO 10 MOBHOIO PYHHYBaHHS], a
JIPYroro B TOMY, IO 3a0e3meuyeTbes Oe3mocepenHiit
ONTUYHUN KOHTAaKT MiX IIOBEPXHEI0 MeTany 1 Mipo-
METPOM.

KoncTpykuisi yeraTkyBaHHS U1 BUMipIO-
BaHHS PO3IJIABY MeTAJy ONTUYHUM CIIOCO00M

Sk mipomerp IS 3alpONOHOBAHOIO CHOCO0Y
BUMIpDIOBAaHHSI TEMIIEpaTypy MeETajly 3alpOIOHOBAHO
3aCTOCOBYBAaTH BOJIOKOHHHMH ONTHYHUHA TipoMmeTp i3
OIITUYHOIO TOJIOBKOK, IOMIMIEHOI Oe3rocepesiHbo B
ycTaHOBYil apmaTypi. ONTHYHA TOJIOBKa 0O€3 eJeKT-
POHHHX €JIEMEHTIB CIIPOMO)KHa BUTPHUMYBaTH HabaraTto
BHUIII TEMIeEpaTypH. BIOK eJIeKTpOHIKH MOYKHAa BUHECTH
y TIOpIiBHSTHO O€3Me4Hy YacTHHY YCTaHOBYOI apMaTypH i
po3MicTuTH Oe3MOocepeHb0 B Ti YacTHHI, 3a SKYy
apMaTypy TpUMaTHMe OIepaTop.

Jus anpobanii crnocoOy BHMIpIOBaHHS TeMIIe-
paTypud 3a JOIOMOrOI0 IpoMeTpa BHOpPaHO BiIOMY
KOHCTPYKIIIFO YCTaHOBUOi apMaTypd, 3 BiJIOBIIHUM
JIOOIIPAIIOBAHHAM [UISi  MOXKJIMBOCTI pOOOTH sIK i3
3aKpUTUM, TakK i 3 BigkpuTuM 30Ha0M. Lle 3abe3neueHo
HaboOpOM 3MIHHAX  TEPEXiIHUX
BCTAaHOBJIIOIOTh BIK€ IMICIISl ONTHYHOI TOJIOBKHU ipoMeTpa
1 Ha SIKMX MO)KHA 3aKpiIUToBaTH a0o0 BiIKpWUTHH, a0o
3aKPUTHHA 30H].

Sk 3aKkpuTHH 30HI 3aCTOCOBYEThCS TpadiTOBHI
HAaKOHEYHUK, a SK BIJKPUTUH BUPINIMIA BHKOPUCTATH
POOOBIAOIPHUKH, NEIIO CHPOINEHI i mepepoOIeHi st
uineit ekcriepuMeHTy. ®akTUUHO TNPOOOBIIOIPHUKH €
KapTOHHUMH OJHOPA30BUMH LWJIIHAPUYHUMH MAKETaMH
i3 3aXMCHOI KpPHIIKOK Ha KIHII. 3aKpiIUTIOOThH IIi
poOOBI0IPHUKK HAa apMaTypi Tak camo, SIK 1 3BUYaiiHO.

HacamoK, skl

4

———

Puc. 1. Koncmpyxyis excnepumenmanbHoi ycmanoguoi apmamypu.
1 — 3akpumuii 30n0; 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 kxoncmpykyii' excnepumeHmanbiol yemanoguoi apmamypu i3 3aKpumum 30H00M:.

1 — 3akpumuii 3010; 2 — nepexionuk 0 6CMAHOBIEHHSA HACAOOK; 3 — ONMUYHA 207108KA BOTOKOHHOZ0 NipomMempa,

4 — sonoxonnuil onmuuHull Kabensv, 5 — On0K enekmpoHiKu 8010KOHHO2O NIpoMempa

Fig. 2. Construction of experimental installation 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 CSKCIIEPUMEHTAbHUX BHMIpIO-
BaHb BHOpPAaHO KOJHOPOBUH  BOJIOKOHHO-OITHYHUMA
mipomerp ¢ipmu Raytek cepii Marathon — Marathon
FR1C. MakcumalibHO AOMYCTHMa TeMIIepaTypa HaBKO-
JIUIIHBOTO CEPEeNOBUINA JJIsi 3aCTOCOBAHOTO Kademro i
ontuuHoi roioBku 310 °C, 1m0 1ae 3MoOry po3TamryBaTH
iX JOCTaTHBO OJHM3BKO N0 30HAA. Jliama3oH BHMiproBa-
HUX Temmeparyp mipomerpa Marathon FR1C cranoButh
Bigx 1000 °C mo 2500 °C. JloBxkuHa Kabemo — 3 M.
[TipomeTp nomyckae 3aMiHy KaOeiar0 Ta ONTHYHOI TO-
JIOBKM y BWIAIKYy TIIOIIKOKEHHS ©O€3 IOBTOPHOIO
KamiOpyBaHHs Bciei cucreMu. Po0Oodi  criekTpasibHi
Jiama3oHU JBOX KaHaTIB mipoMerpa ctaHoBiath 0,85 ...
1,1 mxm Ta 0,95 ... 1,1 MKM BigIOBigHO.

Cucrema peectpaiii nokasis nmipomerpa

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

3aXUICHUMHA Bi)l CJICKTPUYHHUX HAaBCJCHbD,

BUKOPHCTOBYBATH TUIBKU HOTO IIM(POBUIA BUXIiJ.

JI71st 3HSTTS TeMIIepaTypHHUX MOKAa3iB i3 mipoMeTpa
1 3 KOHTaKTHOI TepMoIlapu 3pOoOJEHO CrelliaTbHUN
iHTepdeiicHnil OJI0K, 110 3a0e3Ieuye MepeTBOPEHHS CHT'-
Hally TepMonapyd 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 010Ka HaBeeHO Ha pHcC. 3.

[TipomMeTp MOXe TpaIfOBATH SK Y ITOTOKOBOMY
PEeXHMI, ITOCTIHHO BUAAIOYM PE3YNIBTATH BUMIPIOBaHb Ta
iH(OpMaIiio Mpo CBill CTaH BiJIOBIJHO JO MONEPEAHBO

3amaHoi KoHQIrypaii, Tak i B ONUTYBAILHOMY PEXHUMI,
BHJAI0YM HEOOX1MHUM MmapaMeTp BiIIOBITHO O 3aIUTY.
Cucrema KOMaHZ TMipoMeTpa Ja€ 3MOry OTpHUMaTH
MPaKTHYHO BCIO HEOOXiAHY iH(pOpMalilo Npo BUMIpIO-
BaHHS Ta IXHI pe3yNIbTaTH. KOJIBOPOBY TEMIIEPATypYy,
SICKpaBICHY TeMIIepaTypy KOXKHOTO i3 KaHaJiB, CHTHAJ
npuiiMaya KOXKHOTO 13 KaHaNiB, BHIIPOMIHIOBAJIbHY
3JIaTHICTh, BUKOPHUCTAHY JUII OOYUCICHHS TEMIEPaTypH,
BiJTHOIIICHHS BUIIPOMIHIOBAJIbHUX 3JaTHOCTEH JUISl IBOX
poOOUMX  CIEKTPANbHHUX Jliala3oHiB, SIKE 3aCTOCO-
BYBAJIOCS ISl BUMIPIOBaHHSI TEMIIEPATYPH TOILIO.

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 TepMoIapy Ha IudpoBuit
CHTHaJ BiIOYBa€ThCS 3a JIONOMOIOIO IepeTBopioBaya |-
7018P. TIloxuOka BHUMIPIOBaHHSA TEMIEpaTypud 3a
JIONIOMOT'OI0  [IbOTr'0 TiepeTBoproBaya cranoButh +0,1 %
BiJl BUMiPIOBAHOT'O 3HAYCHHS.

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

JIns 3aXUCTy ONTHYHOI TOJMIOBKU Bil MOMIIABHX
OpH30K MeTally BUKOPHUCTAHO KOHCTPYKINIO i3 3aXHCHONO
JIPOTOBOIO CITKOFO 1 3aXMCHUM CKJIOM, SIKi JIETKO 3aMiHUTH B
pasi MOMIKOMKEHHS OpHU3KaMH PO3IIABICHOro MeTay. J{is
BUSIBJICHHS BIUTMBY HAsBHOCTI 3aXHCHOTO CKJIa 1 METaJIeBOl

——1
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CITKM Ha TIOKa3aHHS TipoMeTpa B KaJiOpyBasIbHIH
naboparopii TOB CI “Xapkis-Ilpunan” 3xiiicHeHo
KalniOpyBaHHS IipOMETpa i3 BCTAHOBJICHUMH CITKOIO 1
ckiIoM 1 6e3 Hux Mo yopHomy Tinmy Raytek BB6000. ¥V
pe3yabTaTi  BUMIPIOBAHb  3QJIOKHOCTI  KOJBOPOBOI
Temmeparypd (MOKa3d TipOMETpa) BiJ HASBHOCTI YH
BIJICYTHOCTI 3aXHCHOTI'0 CKJIA 1 3aXUCHOI CITKW HE BHSIBJICHO.

ExcniepuMeHTaNbHI  AOCIIHKECHHS

HOBaHUM MCTOJ0M BI/IMipIOBaHHH TeEMIIEpATypu poO3-

3a 1[pomo-

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 memnepamypu 3 BUKOPUCMAHHAM 3aKpUmMoz0 epapimoeozo 30Hoa

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 OTPUMaHO
pe3ynbTaTH, HaBeleHI Ha puc. 5. MakcuMmanbHe 3HAYEeHHS
BUMIpIOBAHOI TEMIIEpaTypH, OTPHUMaHe 3a JOHNOMOIO0
mipomerpa, — 1323 °C. BoaHouac BHUMiproBaHHS
TeMIIepaTypyd TEPMOIIAPOI0 Jlajld 3HA4eHHs TeMIlepaTypu
1669 °C. TIlicns BuUMIpIOBaHb OOCTEKCHHS ONTHIHOL
TOJIOBKU IMPOMETpa MOKa3aJl0 BUHUKHEHHS TOHKOI TTiBKH
Ha ONTUYHUX MOBEPXHSX TOJIOBKH. Lle Moke cBiTIMTH 1IpO
HasBHICTH TapiB BCEPEOMHI 3aKPUTOrO IEPETBOPIOBAYA
TeMIepaTypy, MI0 MOXYTh 3aBaKAaTH BUMIPIOBAHHIO
TeMIeparypy, HaBiTh 3a  JIOIIOMOIOI0  HipoMeTpa
CIIEKTPAJIbHOrO  BiAHOIICHHA. [lomarnblie KamiOpyBaHHS
BOJIOKOHHO-ONTHYHOrO IPOMETpa I0Ka3ajo, IO IUTIBKA,
IO YTBOpWJIACs Ha OITHUYHUX MOBEPXHSIX T'OJOBKH, HE
BIUIMBAIOTh CYTTEBO Ha TIIOKa3aHHs IpOMETpa IMiJx Yac
BUMIPIOBaHHS TEMIIEPATYPH CHEKTPAIBLHOrO BiIHOIICHHS,
NpOTE BIUIMBAIOTH Ha TIOKA3aHHS Y PEKUMi BHUMIpIOBaHHS
SICKPaBICHOI TEMITEpaTypH.

Bucnosku

3anporoHOBaHUN METOJ] € TEPCICKTHBHUM CTO-
COBHO MO)KJTMBOCTI O€3KOHTAKTHOTO BHUMIPIOBAHHS TEM-
MepaTypyu PO3IUIABJICHUX METAJIB YCEPEIUHI JOMEHHUX
revei, a TaKOXK JIa€ 3MOT'Y iCTOTHO 3/ICIICBUTH BKa3aHi

BuMiptoBaHHs. [l TexHiuHOI  peamizamii  MeTomy
HEOoOX1THO BUKOPHCTOBYBATH CHCTEMY BUJIAJIICHHS IapiB
13 MOPO’KHUHU 3aKPUTOr0 30H/1A, SIKi iICTOTHO BIUIMBAIOThH
Ha pe3yJIbTaTH BUMipIOBaHb.
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