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PO3POBKA PALIOHANBLHOW TEXHONOTIi OMANEHHA ABOKAMEPHUX TEPMIYHUX
NEYEN
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( )IH:»ceHepHuu iHCmumym 3anopizeko20 HAYiOHAIbHO20 YHIgepcumemy,
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@ Hayionanvna Memanypeitina akademin Ykpainu, m. [[ninpo

BukoHaHOo aHani3 akocTi HarpiBaHHA Nig TepmivHy 06pobKy cTanesBmnx 3aroToBOK 3a iCHYHYOI TeXHONorii ona-
NIOBaHHA ABOKaMeEpPHUX NeYen CyMmiLlLLo NPMPOaHOro Ta JOMEHHOro rasis. 3anponoHOBaHO paLioHanbHy Te-
XHOMOrito onarntoBaHHs 3 KOMOIHYBaHHAM 3a3HayYeHNX NanvMBHUX CKNagoBMX nepen nanbHUKamu, peanisadis
SKOT 403BONUTL 36inbLWnNT 06’'€MHY BUTPATy NPOAYKTIB FOPiHHA NPOTArOM YCbOro LMKIY TEPMIYHOT 06pobKM
N, OTXXe, MOHU3UTUN HEPIBHOMIPHICTb HarpiBaHHA CTaneBmx 3aroTOBOK.

KrnitouoBi crnoBa: gBokamepHa TepMiyHa nid, CTaneBi 3aroToBKW, HarpiBaHHA nig TepMivyHy 06pobKy, KOMOIH y-
BaHHS1 NanNMBHWNX CKNadoBWX Nepes nanbHUKaMuy, pauioHanbHa TEXHOSOrist ONnaneHHs

Bcmyn. 1llupokwii riana3oH 3MiHIOBaHHS TETI-
JIOBOi TIOTYXKHOCTI Tedel Mmij yac peaiizarii Oara-
TOCTYIIHYACTUX TEMIIEPATYPHO-9aCOBUX PEKHUMIB
TEpMIYHOT 0OpPOOKH METaTy 3yMOBJIOE BUMOTH JIO
CHJIFOBaHHS Ta30MO0I0OHOr0 MajuBa i HOro pis-
HuX nepioniB [1-6]. OmHOYACHO, TEXHOJOTIA OTma-
JOBaHHS TEPMIYHUX Tedeld Mae OyTH THYYKOIO 3
MOJKJIMBICTIO HACTPOIOBAHHS MiJ] Yac TEIUIOBOI po-
ooTH.

Ha nmesxux weranypridiHuX MiAPHEMCTBAX
VYkpainu ans HarpiBaHHS MiJi TepMidHY OOpOOKY
JUTHX 3aroTOBOK, IO OAEPXKYIOTh Ha YCTaHOBKax
HariBOE3MepepBHOT0 PO3THMBAHHS CTali, 3aCTOCO-
BYIOTH JIBOKAMEPHI TEPMIiYHI Ie4i, sKi ONaTIOI0Th
CYMIIIIIIO MPUPOJHOTO Ta JOMEHHOTO ra3iB.

[lewi oGmamHAHO TBOMPOBIMHUMH TMATbHUKAMH
turry ['HII-4, o po3MinieHo no AeB’aTh y KOXKHiiH
30HI Ta 3a0e3meuyloTh JBOCTOPOHHE HAarpiBaHHS
CTaJIeBUX 3arOTOBOK. Y CKJIEMiHHI KOKHOI poOouoi
KaMepu IIe4l pO3TallOBAHO XPOMENb-aIIOMEIIEB]
TEPMOETIEKTPUYHI TEPMOMETPHU (TPH TEPMOMETPH Y
YOXJIax) JUIS KOHTPOJIKO TeMIepaTypH B ii poGouo-
My 00cs3i.

[T’ ITB-1ITiCTh 3arOTOBOK, YKJIaJIeHUX Y MeTaleBi
Oyrens, miUIal0Th HATPIBAHHIO IMiJl TEPMiYHY 00pO-
OKy 3a 0araTOCTYIIHYaCTUMH TEMIIEpaTypHO-
JaCOBHUX PEXUMax 3aJIeKHO BiJ] MApKH CTaJli.

Ilocmanoexka 3asdanns. JIOCHiIKEHHS TEILIO-
BO1 poOOTH JBOKaMEPHUX TEPMIYHHX meueil 1 po3-
poOKa paiioHaIbEHOT TEXHOJIOTI iX OMaTfOBaHHS.

Ocnoena yacmuna. Ilin 9ac excnepumenmains-
HUX TOCIIJKeHb BUBUAIN PO3MOLT TEMIIEpaTypH 3a
JOBXHHOIO po00YOi KaMepu, a TaKOXK HarpiBaHHs
mig  TepmMiuHy O0OpoOKy 3arotoBok i3 cTami
4X5M®D1C nepepizom 370 x 370 MM 1 3araipHOIO

© 3inuenko B.IO., Isanos B.I., Karokos FO.M., Paguenxo 0.M., 2019

Macoro 26,7 T. Po3moain temrepaTypu B CTaJeBHX
3arOTOBKAaxX KOHTPOJIOBAJIH IIUIIXOM BUKOPHUCTAHHS
THYYKHX XPOMEIb-ATIOMEIIEBUX TEPMOCICKTPHYHNX
TEPMOMETPIB, 10 BCTAHOBJICHO HA TMOBEPXHI CaJKH
3a JOBKMHOIO 3aTOTOBOK; KOHTPOJIb TEMIIEPATYPH B
pobodoMy 00Cs3i Tedi BHUKOHYBAIHM CTalliOHAPHO
BCTAHOBJICHMH Te€pMOJaT4nKaMu. Pe3ynbratu mo-
CJIIIKEHb TOIaHo y Ta0uI. 1.

ExcriepuMeHTaMy BCTaHOBJICHA HASBHICTH He-
PIBHOMIPHOTO PO3MOILTY TEMIIEpaTypH B pobodOMy
o0csTy medi: 3HAYeHHS TMepernaay TeMIepaTypH 3a
HOro JOBKMHOK Ha IMOYaTKy TEPMIYHOI 0OpoOKU
Mmetaiy pocsrae 90-100 °C, a B nepioj] BATPUMKH —
3HMKyeThes 10 50-60 °C. Ins cajgxu craneBux 3a-
TFOTOBOK TaKoX 3a(piKCOBaHO HEPIBHOMIPHICTh IMOJIS
TeMIlepaTypy Ha TOBEpXHI MeTaly, MaKCHMalbHE
3HAYEHHS pi3HUII TemIiepaTypu craHoButh 80-90
°C 3 HacTynmHUM 11 oHmxkeHHsM 10 50-60 °C.

PesynbTatn BHKOHAHHWX ITOCIIKEHB JI03BOJIH-
JM 3poOWTH BHCHOBOK ITPO HEOOXiTHICTH cTabimi3a-
1ii ra30/MHaMIYHOTO PEXKUMY TEPMIYHOI Tedi MuIs-
XOM MIJBUINEHHS 00’€MHOI BUTpPATH MPOIYKTIB Io-
Posrnsmanu 3amavy mepeBeieHHs Iedeld [bOro TH-
Ny Ha ONAJIOBAaHHSA 3 PO3AUIBHUM II0JIaBaHHIM
MPUPOJHOTO Ta JOMEHHOTO Ta3iB, a TAKOX HACTYII-
HOTO KOMOiIHYBaHHS 1X 0€3MocepeHbO Mepe]] Matb-
HUKaMH.

VY TakoMmy pa3i yIpaBliHHS TEIJIOBOIO MOTYX-
HICTIO TEepMIYHOI TIe4i 3JiHCHIOITh OJHOYACHOIO
JI€EI0 SIK HA PETYJISITOPH BUTPATH OKPEMHUX KOMIIO-
HEHTIB MayiBa 115 3a0e31eUeHHS 3a0aH0i TeMIiepa-
Typu y ii pobodomy oOcCsTy, Tak 1 Ha PETYIATOP
00’eMy MPOAYKTIB TOPiHHS Yy MEPIOAN BUTPUMKH i
OXOJIOJPKEHHSI METay.
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Taoauusa 1 — 3miHOBaHHS TeMnepaTypu y pododomy obcs3i meui (I, 11, I1I) Ta Ha moBepxHi 3aroToBoK (1, 2, 3)
y TIepioau HarpiBaHHSA Ta BUTPUMKH METaTy

UYac HarpiBaHHs, TOI. Temmnepatypa, ° C:
TouKa I Touka II touka III TouKa 1 TOYKa 2 TouKa 3
4 765 680 670 720 590 570
760 720 700 720 670 650
8 785 700 655 750 610 600
780 740 725 750 700 680
12 810 790 740 780 730 690
810 770 750 780 755 750
16 860 840 790 830 790 760
860 815 790 830 790 780
20 865 840 810 835 800 790
860 840 830 840 810 800
24 870 850 820 850 810 800
870 860 850 850 830 810
28 870 850 825 860 820 800
870 860 850 860 845 830

[pumitka: touku I, 11 i Il - TemMneparypa J1iBoi, HEHTPAIBHOI Ta MPaBOi YaCTUH POOOYOTo 0OCATY TEPMIYHOI €Ul BiANOBIIHO; TOY-
ku 1, 2 1 3 - Temmepatypa HOBEpXHi JIiBOi, IEHTPAIBHOI Ta MPaBOi YaCTHH CAJKH CTAJIEBUX 3arOTOBOK BiJIIOBITHO; B YUCEIBHUKY -
IUTS ICHYIOUO1 CHCTEMH OTIAFOBAHHS T1€Ui, Y 3HAMEHHUKY - JUIS PO3ALIBHOTO MiIBEACHHS KOMIIOHEHTIB MaIMBa A0 M€Y BiAOBIIHO

3a HasBHOCTI HAMUIIKY (200 HEAOoCTadl) Tem-
JIOTH y poO0YOMY 00CATY 3a3HAYEHOI Mevi BUTPATY
KOMIIOHEHTIB MalMBa BU3HAYAIOTH 13 PO3B’s3aHHS
HIDKYCHABEICHUX CHCTEM PiBHSHB!
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HICTh JOMEHHOTO W MPHUPOJHOTO Ta3iB BiAIOBITHO;
Q,(0,) - rTemnoBa MOTyXHicTh medi; V,,, V,, —
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— BUTpara Ta Kajopii-

00’eM TIPOJYKTIiB TOPIHHS JOMEHHOTO Ta TPHUPO/I-
HOTO Tra3iB BiINOBiAHO; V., — 3arajibHUil 00’eM

iar

|aae iaae
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MPOJYKTIB TOPIHHS; — CHTAJIBIIIS Ta IH-

TOMa BUTpaTa HAJJIUIIIKOBOTO MOBITPS BIIMOBIIHO.
Y TakoMmy pasi cuctema piBHSHb-OOMEKECHb
HaOuMpae BUTIISLY:

Q)+ A +[Q Ls Ay +3, 'L, =0q" @)

AL+l =VE 4)

ALtV

0,.a M.a 0,44

V

ne L, — BUTpara HaJJIMLIKOBOTO MOBiTps; q', V° —
TEIUIOBE HABAHTAXXCHHS Ta BUTPATa MPOAYKTIB TO-
piHHS, II0 BCTAHOBJIIOKOTH BIAMOBIAHO PEryJIsATOP
TEMIIEPATYPH Ta PETYISATOP THCKY B TeUi.

AHani3 0a3ucHUX BHpINIEHb MOKAa3ye, M0 3a

2[Q°1,, - AT,
mrs L,

ONTHMAaJbHE BHpIIICHHS Oyzae
=0, ne A® — MakCHMaJbHO MOJKIINBA BH-
TpaTa JOMEHHOTO Ta3y, 10 3a{0BOJIbHSIE YMOBI:

2

Z A <A ()

ne B
KIB.

o — MAaKCHMallbHa IPOJYKTHBHICTb MaJbHU-

3a HeZOCTaTHBOI KITBKOCTI TEIUIOTH, IO OJep-
JKYIOTh Y TI€di Mij 4ac CIIaJfOBaHHS JOMEHHOTO ra-
3y, ii TEMIOBY MOTYXHICTh Q, MiJABUILYIOTH, BUKO-
pPHUCTOBYIOUM cHcTeMY piBHAHB (1), IUIIXOM 3ami-
LIEHHS] YaCTWHM 3a3HAYEHOro ra3zy B,, eKBiBaJIeHT-
HOIO 332 00’€MOM TIPOIYKTIB TOPiHHSA KIJIBKICTIO
NPUPOJTHOTO Tazy B, .

V TakoMmy pasi BUTpaTH B,, i B, 004HCIIOIOTH

3a (hopMyamMu:

a .
)Xé , — [:?i ]T.a \/OJ a q O| a ((5)
. [Q| ]T a 'Vo,é.a _[Qi ]aa Voia
O . —_— a .
A{é _ q Vo,a.a [Q| ]a'.a Vo,‘f.a (7)

[Qi6 I s Voas _[Qif3 I Vo1
3a HasBHOCTI B poOo4OMy 0OCs3i Tedi Hau-
IIKY TEIUIOTH 3HWKEHHs ii TemIoBOi MOTY>KHOCTI
BUKOHYIOTh, BUKOPHUCTOBYIOUM CHCTEMY piBHSHb
(2), mmsxoM po30aBiIeHHS JOMEHHOTO ra3y BiIIO-
BiJTHOKO KUTBKICTIO HAJUTMIITKOBOTO MOBITPS L' 39

iTa
YMOBH MIJATPUMKH 3aJaHoro (Juisi mepiofy Harpi-
BaHHsI METay) PiBHSI CyMapHOi KIJIBKOCTI MPOIYyK-
TiB FOPiHHS, @ OAAaBaHHs MPUPOJHOTO Ta3y MPHUIIH-
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HSIOTb.
Toni Butpatu B,, 1 L, BH3HAYalOTh 3 BUKOPHUC-

a

TAHHSAM CHIBBIJHOIIEHB:

A qT _VO .a'l' .
A -3 V& . 8
- [Qif3 ]‘a.a -V -a ( )
s Vo~ ! Voua
I‘ — [QI ]a.a q ,a.i (9)

[Qia ]aa _Vo,a.a 'ar

PospaxyHkoBHii aHalli3 CHATIOBAHHS MMajUBa y
pasi PO3MITLHOTO ITOAAaBaHHSA HOTO KOMITOHEHTIB
BUKOHYIOTh 3 BUKOPUCTaHHIM METOJUKH, 10 HaBe-
JIeHO y pobori [7].

€ MOXUINBUM CIIPOILEHHS MIPOLEypH MOIIYKY
ONTUMAaIbHUX 3HauYeHb BUTpAT B,,, L , L , BUKO-

HYIOUYH TOPIBHSHHS MOTOYHOI BEMUYMHHU (' 3 Mak-
CHUMallbHUM 3HadeHHsM A, , . -[Q°],,. Takuii anro-

PUTM JIETKO PEai3yI0Th CHUCTEMOIO ONTHMI3allii 3
00MEXCHUMH 00YUCITIOBATHbHUMH MOKIHBOCTSIMHU.
Ha puc. 1 momano cmpoieny 05ok-cxemy 00-
YHCIICHHS ONTUMAILHUX 3HAYCHb BUTPATH IATHB-
HUX CKJIAJIOBUX, & TAKOX HAJJTUIIKOBOTO MOBITPSI.

Bin perynsaropis Temmepatrypu Ta THCKY

YBenenus
q'[m], -V °[m]

qT [m] < B;[.r,max [Qrf],ﬂr

Hi

v
2 v v v
Po3zpaxy- Po3spaxy- Po3zpaxy- Pozpaxy-
HOK HOK HOK HOK
BrLr[m] B;l.r[m] Bﬂr[m] 3a LB[m] 3a
3a opmy- 3a Gopmy- popmy- dopmy-
noxo (7) 010 (8) 010 (9) noro (10)
l 2 v l
Bn.r [m] Bu,r [m] LB [m]

Pucynok 1 — Biiok-cxema 004YHCIICHHS ONTHMAaJIbHUX 3HAYSHb MIPUPOIHOTO Ta JOMEHHOT'O I'a3iB, a TAKOXX HA/UTHIIKOBO-
O MOBITPS

Po3paxoBani 3Ha4YeHHs mapaMmeTpiB, 00YHCIIe-
HUX 3a HaBEIECHOK OJIOK-CXEMOK, MOXYTh OyTH
BUKOPHCTaHI K CHPaBISUTbHI il JUIA BiJIOBIIHUX
CHUCTEM aBTOMATHUYHOI'O PEryitoBaHH [8].

CxeMy peaiizamii ynpaBiIiHHS PEXHMOM OIa-
JIIOBAaHHS TEPMIYHOI 1e4i 3 BUKOPUCTAHHSIM MPUPO-
JTHOTO Ta JOMEHHOTO ra3iB, a TAKOX HaJTHITKOBOTO
MOBITPS, IMiJT Yac X PO3ALIBHOIO MOJAaBaHHS, I0ja-

HO Ha puc. 2 [9,10].

PesynpraramMm HacTymHUX EKCIIEPUMEHTIB Ha
TepMiuHiid medi [11] BcraHOBNIEHO, 1O 3a TIepeBe-
JIeHHAM i Ha PO3/iTbHE TIOJaBaHHS MPUPOTHOTO Ta
JIOMEHHOTO Ta3iB Mepernaji TeMIepaTypt B TOPU30H-
TaJIbHOMY Tiepepi3i pobodoro oOcsAry medi 3HHXKY-
etbest 10 15-20 °C, a 3a TOBXHUHOIO CaKH CTAIIEBHUX
3aroToBoK — J10 25-30 °C.
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Pucynok 2 — Cxema peaizariii ynpaBIiHHS peXHMOM OTATIOBAHHS TEPMIYHOI Iedi 3 BHKOPHCTAHHAM IPUPOJTHOTO Ta

JOMCHHOTI'O FaSiB, a TaKOXX HaAJIMIIIKOBOI'O HOBiTp)I 3a iX pOSZ[iJ'IBHOFO IIoJJaBaHHA

Bucnoexu. BUKOHaHO KOMILIEKC €KCIEPUMEH-  JIOMEHHOTO rasiB, a TaKOK HaJUIUIIKOBOTO TTOBITPSL
TaJIbHO-PO3PaXyHKOBUX JOCII/KEHb TemIoBoi po-  Iloka3aHo mepeBard 3ampolOHOBAHOTO METOIY
00TH BOKaMEpHOI TEPMiYHOI Meui 3a MepeBe/ieH- OTTaJTFOBAHHS T1€Yl 3a3HAYCHOTO THITY.

HAM il Ha pO3MiNbHE MMOJABaHHS MPHPOIHOTO Ta

10.

11.
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PA3PABOTKA PALI,VIOI_-IAJ'IbHOVI TEXHOJNIOMKU OTONNEHUA OBYXKAMEPHbIX
TEPMUYECKUX NEYEN

BbinonHeH aHanu3 kayecTBa HarpeBa nog TepMuyeckyto 06paboTKy CTanbHbIX 3arOTOBOK MpU CyLLECTBYHO-
e TeXHONOrMn OTOMMEHUS OBYXKAMEPHbIX TEPMUYECKUX NeYer CMeCb0 NPUPOAHOro U AOMEHHOrO rasos.
MpeonoxeHa paunoHanbHas TEXHONOMNSE NX OTOMNMNEHNUSI C KOMOUHUPOBAHUEM YKa3aHHbIX TOMMMBHbLIX COCTa-
BNAOLMX, peann3aunsi KOTOPoN NO3BOMUT YBENUYUTbL OOBEMHbIA pacxod MPOAYKTOB CropaHusi B TeyeHue
BCEro uukna tepmudeckon obpaboTtku, a, cnegoBaTenibHO, CHU3UTb HEPAaBHOMEPHOCTb HarpeBa CTarnbHbIX
3aroTOBOK.
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DEVELOPMENT OF RATIONAL TECHNOLOGY FOR HEATING OF TWO-CELL THERMAL
FURNACES

The analysis of quality of heating is executed for heat treatment of steel blanks at existent technology of
heating of two-cell thermal furnaces mixture natural and domain gases. There is offered rational technology
of their heating with combining of the mentioned fuel constituents, realization of which will allow to increase
the volume expense of products of combustion during all cycle of heat treatment, and, consequently, to
reduce the unevenness of heating of steel blanks. The wide turn-down of thermal power of furnaces during
realization of the multi-stage temperature-sentinel modes of heat treatment of metal predetermines
requirements to incineration of gaseous fuel for her different periods. During experimental researches studied
distribution of temperature on length of working chamber, and also warming under heat treatment of
purveyances from steel by the 4X5M®1C section of 370 x a 370 mm and by general mass 26,7 T.
Distribution of temperature in steel purveyances was controlled by the use flexible hromel- alumel thermels,
set on the surface of metal charge on long purveyances; control of temperature in the swept volume of
furnace was executed by the stationary set temperature-sensitive element. The results of the executed
researches allowed to draw conclusion about the necessity of stabilizing of the gas-dynamic mode of thermal
furnace by the increase of by volume expense of foods of burning through the change of technology of her
heating. The task of translation of furnaces of this type on heating with separate admission natural and
domain gases, and also their subsequent combining immediately in front of gas-rings are examined. At that
rate a management thermal power of thermal furnace is carried out by the simultaneous operating both on the
regulators of expense of separate components of fuel for providing of the set temperature in her swept
volume and on the regulator of volume of foods of burning in periods of self-control and cooling of metal.
On a thermal furnace it is set the results of subsequent experiments, that during translation of her on separate
admission natural and domain gases the overfall of temperature in the horizontal section of the swept volume
of furnace goes down to 15-20 °C, and after length gardens of steel purveyances - to 25-30 °C. The complex
of experimentally-calculation researches of thermal work of two-cell thermal heater is executed during
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translation of her on a separate serve natural and domain gases, and also surplus air. Advantages of the
offered method of heating of furnace of this type are shown.

Key words: two-cell thermal furnace, steel blans, heating for heat treatment, combining of fuel constituents,
quality of heating
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