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Popisovany adapter je ponzitelny u vsech peci vybavenych dvoupolohovou 
regulaci konstantni teploty a termoclankovylfl, mefidlem (cidlem) teploty. Zapo­
juje se do serie tohoto termoclanlcu (obvykle PtRh 10-Pt, Ni-NiCr); v tomto 
obvodu pak generuje zvolenou rychlosti ,,chybove"napeti, ktere se k regulacnimu 
termoclankn pfl'.cita nebo ode/Sita. Tak lze dosahnout linearniho ritstu, nebo 
naopak poklesu termoelektricke sily regulacniho termoclanku zvolenou kon­
stantni rychlosti, a tedy i pfiblizne linearniho ritstu, nebo poklesu teploty pece. 
Adapter tak rozsifuje pouziti komercnich peci i peci konstruovanych individual­
ne a moznosti naprosto reprodukovatelneho ohfevu, nebo chlazeni zvolenou 
rychlo8ti prakticlcy linearnim programem. 

UVOD 

Pri mnoha vyzkumnych i technologickych pochodech je poza.dovan rizeny ohfev 
nebo chladnuti pece konstantni rychlosti k predvolene teplote a. vydrz pri ni. 
V praxi se to resi specialnimi regulatory se zpetnou vazbou; ty jsou ovsem kon­
strukcne slozite, nakladne a casto komercnim pecim nesta.ci vykonove (napr. za­
rizeni Chinotherm dodavana z MLR). Nouzovym resenim pak nekdy byva rucni 
prestavovani regulatoru komercni pece V kratkych pravidelnych fasovych in­
tervalech. 

Popsane zarizeni je v podstate adapterem pouzitelnym u vsech peci, resp. 
jinych zarizeni, vybavenych dvoupolohovou regulaci konstantni teploty a termoclan­
kovym mericem (cidlem) teploty_ Je jednoduche, male a snadno realizovatelne 
z beznych soucastek. 

Princip jeho cinnosti spociva V generovani casove promcnneho chyboveho napeti, 
ktere se zvolenou rychlosti rovnomerne snizuje a pricita se nebo odecita k napeti 
termoclanku. Oznacime-li napeti termoclanku Eth , napeti generova.ne a.dapterem 
Eact a napeti odpovidajici na. regulatoru pece na.stavene teplote jako E(t0),

plati neustale Eth ± lt'act = E(t0). Znamenko + pla.ti pro rust teploty. Pro pokles 
teploty se zmeni polarita chyboveho napeti adapteru a plati podminka se zapornym 
znamenkem. 

EXPERIMENTALNf CAST 

Adapter je polovodicovym zdrojem na.peti, ktere se nastavitelnou rychlosti 
snizuje k nule, kde se zastavi. Pri regulova.nem vzrustu teploty se adapter zafazuje 
do serie s termoclankem regulovane pece ta.k, ze se napeti Eth a Eact scitaji. Pro 
snizovani teploty je adapter zapojen V serii, ale proti termoclanku (polarita je 
uvedena v zavorce). Za.pojeni je na obr. 1. Oba pripady rovnomerne zmeny teploty 
jsou schematicky znazorneny na obr. 2. Na obr. 2a (pripad zvysovani teploty) 
je pokles Eact dorovnavan periodickym zapinanim pece, a tedy zvysovanim skutecne 
teploty V peci, merene termoclankem (Eth)• Obdobne je tomu pri snizovani teploty 
(obr. 2b). 
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Obr. 1. Schema zapojeni adapteru pro vzestup (sestup) teploty. P - pee, T - obvod topeni, 
Th - termoclrinek, R - regulator kon8tantni teploty, A - adapter. 
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Obr. 2. Casovy priwlh naplti Eth a Eact pfi fizenem rustu teploty (a), poklesu teploty (b). 

Obr. 3. Funkcni schema adapteru. 
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Zakla.dni schema. a.da.pteru je na. obr. 3. Zakla.dem je integrator z invertujiciho 
operacniho zesilovace OZ, vstupniho rezistoru Ri a. integra.cniho kondenzatoru C,

ve zpetne vazbe. Delic z rezistoru R1,2,3, napajeny z kla.dneho referencniho na.peti 
a. pripojeny prepina.cem Sp na. vstupni rezistor R, integratoru, za.jisfuje definovane
rychlosti snizovani na.peti na vystupu integratoru. Spinac S pripojuje invertujici
vstup OZ k potenciometru P pro nasta.veni pocatecniho na.peti na. vystupu integrato­
ru. Tento potenciometr je pripojen mezi zaporne referentni na.peti a. vystup OZ.
Dioda. D, pripojena anodou k vystupu OZ a. katodou k vystupnimu delici z rezistoru
R4 a R5 , zajisfuje po pruchodu vystupniho napeti integratoru nulou do zapornych
hodnot odpojeni vystupniho delice, tj. nulove napeti na vystupu a.dapteru na. konci
vzestupu (sestupu) teploty. Svitiva dioda. LED indikuje zaporne napeti na vystupu
OZ, tedy konec vzestupu (sestupu) teploty. Napajeni vsech obvodu je provedeno
zdrojem se symetrickym na.petim ± 10 V az 18 V.

Pro konstrukci integratoru je treba. pouzit integrovany obvod OZ s vysokym 
vstupnim odporem, kvalitni integra.cni kondenzator C,, podrobeny kontrole ci vyberu, 
a uzel na vstupu OZ musi byt dokonale chranen pred proudovymi svody ze 
sousednieh soucastek. Jen tak lze dosahnout para.zitni casove konsta.nty nekolika. 
dni, a. tim i dosta.tecnou linea.ritu a presnost pri vzestupech (sestupech) teploty 
dele nez 10 h. Ja.ko operacniho zesilova.ce lze pouzit na.pr. obvod MAC 155 
nebo WSH 220 s kondenzatorem hodnoty 1 µF typ TC 279, jako Rt typ TR 142 1 G. 
Odpory R1,2,3 atd. jsou presne a. jejich pocet a. hodnoty urcuji pocet a hodnoty 
volitelnych rychlosti progra.mova.ne zmeny. Navrzeny adapter byl podan ja.ko 
zlepsovaci navrh na VSCHT v Pardubieich pod c. ZN 33/1986. Adapter je na. ka.tedre 
pouzivan u vsech typu peci firmy Elektroba.d Fra.nkenha.usen a. u peei konstruo­
va.nych individualne (labora.torni trubkove picky) s regulatory typu Zepaphot. 
Postup na.sta.veni spociva V techto krocich: 

a) na regulatoru pece se nasta.vi ma.ximalni teplota;
b) pri sepnutem spina.ci Sp se na.sta.vi potenciometrem pocatecni vystupni

napeti a.dapteru ta.k, a.by regulator pece prave vypina.l; 
c) po nasta.veni pozadova.ne rychlosti zmeny teploty se Sp rozpoji, cimz se od­

start11je zdroj generujici chybove na.peti a.da.pteru. 

DIS KUSE 

Nelinea.rita vzestupu ci sestupu teploty je urcena. vlastnostmi termoclanku, 
tedy jen nelinearitou funkce Eth = F(t). Plynulost zapisu teploty je ovlivnena. dy­
namickymi vlastnostmi dvoupolohove regula.ce pece a. umistenim regula.cniho termo­
clanku. Pouzije-li se termoclanku umisteneho volne V prostoru mufle (tak jak to u ko­
mercnich peci je), vykazuje zaznam na.pr. vzestupu teploty zvlneni max. 5 °C 
pri rychlostech 2 az 10 K min-1 v rozsahu teplot do 1200 °C. Pouzije-li se vsak 
k regulaci a k pripojeni a.dapteru termoclanek zasunuty blize k topnenm vinuti 
na. mufli pece a teplota. pro zazna.m nebo mereni se snima jinym termoclankem, 
zasahujici do prostor11 mufle, je vzestup na.prosto plynuly a. bez nejmensiho zvlnenf. 
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llPOCTOE llPOfPAMMHOE PEfY,iIHPOBAHIIE llELIEH 

f1o;iecp .Il,apm6ynH, :1;\eHeK llloJihll, :\!11p()(·.craa Tpo,rn 

,wrjieopa /ll'OfJi'll/lU1ier1,oii. meXH,Q.11,0i!UU X UM,U1,o-me.cno,JUJdU'iCCJ;020 rlH,Clfl/Ullynia, 
53210 II apoy6uiv 

PeryJUITOphl 001,[l!HJ,IX :ia6opaTOpH1,IX rre•rnii: pa6oTaJOT B L\BYX II03lll�l!HX 11 l !Oc!T0MY l' l!X 
II0M0�b!O M0IBH0 y;\epmuBaTb T0m,1rn ycTaH0BJl8HHYJO II0CT0HHHYJO TeMrrnpaT_\'p�·- ,'(,;[H 
ooecrreqeHl!H B0cllp0H3B0;V!MblX ycJIOBl!H O0IBl!rJla 0KH,lbIBaeTcfl rrpllr0;J,HblM ,\OlJ0:1H11TL 
11p11B0/_\l!M0C JJCI y.rnpoBaH!Ie e�e Bocrrpo11:rnop;11Mb!M JlllHCHHl,IM HarpeB0M (1I0i[1,CM TeM­
ne paTypbr) HJlll Ta I()!{() 0XJ1amp;eHI18M rre•rn. OrrHCL !BaCMb!H pery:Tfll\!IOHHl,!H ,uarITep 
II0;\f,JIIO'ICH cepHHHO (' IIOM0�I,JO pe1·yJ1Hl\ll0HH0I'O T8pMoa;JCMCHTa HC'lll (pm;. J) 11 ['()­
nepupyeT npu noM011111 11:1GnpaeMoii: nrnpoeTn ,,onm6o•rnoe" nanpnmenl!c Eact, m)Topoe 
np11oaBJ1HeTCH (rrp11 no;['i,CMC T8MrrepaTyp1,1) l!JIII BLlql!TaeTCH (rrpll II0HUIB8Hl!H TCMIIepa­
Typ1,1) 11:i nanpnmeHHH TC[JM03.CieM8HTa Eth Ta!O!M o6pa;ioM, '!TOOL! IIOl'T0HHH0 ;1eiicTBO­
BaJ10 h',h + Ead = E(to) (('M. pm·. 2a, b). lIOJIOIBUT8JlbHLJH ;JHaK + 0TI!0l'JIT('H n HarpeB)', 
OTJlltl[HTC;'TJ, HJ.lll :maK - K ox;rnm/_\eHIIIO, E(to) - 0K0HqaTeJlbHaH TCMHCpaTypa (IIJJll 
oxm1m;1c111111 E(to) = 0). 

llpllHHIIIIIHl,TibHUfl CXCMa a;�arITepa HaX0/1,l!TCH Ha pm·, 3. OcnoBoii HB.,HeTCH onepa-
1\l!OHHOii yc11:mT8Jlh oz Bl,!('01{0!'0 nxor111oro C0IIJJ0T!IB;[8Hl!H, HOTOpLrii pa6oTaeT C BX0/_\­
Hb!M pe:rnnopoM Ri H llHTCl'pa11110HHb!M K0H,18Ht'aT0JJ0M C; B o6paTHOH l'Bl'!a!L Pe311CTOpL1 
R 1, 2,3 y,·TaHaBJlUBaIOT oupc;.i,CJieHHl,Je II perym1pyCMLIC CH0p0CTII II0HIIIBCHIIH nanpH­
lliCHllH Ha llHTerpaTopc. lhrn.1:JO'laTe:n, s C.il)'IBIIT ;J.;IH ycTaH0BKI! l!a'Ja;fbH0J'0 HaIIpH­
IBCHl!fl Bad- HyJ1eBoe nanpHIBCHIIC na a;J,arncpe, a ('.iI8;.J,0BaTeJlhH0 H0H81\ narrp, II0;J,'hCMa 
TCMrrepaTyp1,t (pemnM y;1epm1rnamrn nocToHHHoii TeMnepaTypb!) onpc;�eJrneT eaenrman 
/�110;.i,a LE I)_ Z - lll"T0'IHHJ, mc:rnTc.:11,Hb!X IIHTUT8JIJ,Hb!X Hanpnme1111ii, Ure! - pecpe­
peHTH0e rTaou.1:u:rnpoaaHnoe 11a1qmmem1e . 

.Il,!!HUMll'!CCHll8 CBOHCTBa (' l!('TCMi,1 :laBllCHT OT CBOlfCTB )�BY X!I0,llll(II0HH0l'0 pcryJIHT0pa 
!I8'Il! H OT !IOMC�ennH pery;rn1urnunoro T8pM03Jl8MCHTa, EcJIH ;J,aHHhiii TepM03JleMeHT 
II0Me�eH U,IIIIBC OTOIIUTe.:n,Hoii of.MOTIW ne•rn II ec.1!11 TCMIICpaTypa 11:JMCJJHCTCfl ceua­
pnpoBaHHb!M TepM0clJICMCHT0M B npocTpaHCTBe MY<pJIH TTC'lll, TO :iaJII!(' h II0/\'h8Ma l!JIH 
nap;eHHH T8MIIepaTyp1,1 rJ1a;1Ka II HCIIpep1,rn11a. JlHH8HHOl'Tl, uporpaMMhl ;1ana T0J[J,1{0 
yMepennoii nemrneiiHOCTI,IO qiyHr>I\IU! MCIB;J,y T8MIIep,ITypoi':i II TCpM0cl.TlCKTPH'l8('KHM 
uanpHIBCI!IICM ;i;rcMCHTa. 

Puc. 1. Cxo,ia u1,,1KJ1ieHuR aoanmepa o,iR noo-;,e.w,a (noHuJ1ceHuR) me.w,nepamypbi. P - ne'l-b, 
T - 4enb nw1,a Ha2peea, Th - mep.11,0,Me.,11,eHm, R - pe2y,i.�mop nocmoRHHoii 
me.w,nepamypbi, A -- aoanmep. 

Puc. 2. Bpe.ueHH,blll xoo HanpRJ1CeHU-� Eth u Had npu pe2y.iupye,;110.11 pocme me.w,nepamypbl 
(a), noHuJICeHuu me.11,nepamyp1,i (b). 

Puc. 3. Cxe.�rn pa6omu aoanmepa. 

SIMPLE PROGRAM CONTROL OF FURNACES 

Josef Dai-bujan, Zdenek Sole, Miroslav Trojan 

JJepartment of Inorganic Technrlogy, Institute of Chemical Technology, .532 10 Pardubice 

The regulators of conventional laboratory furnaces operate on the two-position principle, 
thus allowing only the presot temperature to be maintained. To <'nsure reproducible firing 
conditions, such primitive regulation must be supplemented with a repro<.lucible linear heating up 
and possibly also cooling. The control device described is connected in series with the control 
thermocouple in the furna'Je (Fig. ] ). generating, at a presot speed, the 'erros' voltage Ead which 
is addec.I to (on heating up) or subtracted (on decreasing the temperature). from the voltage of 
the thermocouple, Eth , so that always Eth± Ead � E(to) (cf. Fig. 2a, b).The sign+ holds for 
heating up, the - for cooling down, E(to) is the final temperature (for cooling, E\to) = 0). 

A 
, schematic diagram of the adapter is shown in Fig. 3. It is based on operational 

amplifier OZ of high input resistance, which works in feedback with input resistor R; and the 
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integl'ating capacitor C;. The resistors R,, 2, 3 determine defined and adjustable rates of decreasing 
the voltage on the integrator. Switch S serves to preset the initial voltage Ead, Zero voltage on 
the adapter and thus also the end of a temperature rise (constant temperature schedule) is 
indicated by a LED. Z is the sourct' of the necessary supply voltages and Ure! is the reference 
stabilized voltage. 

The dynamic properties of the system depend on the properties of the two-position furnace 
controller and on the position of the control thermocouple. If this is placed close to the heating 
coil and if the temperature is measured by a separate thermocouple in the area of the furnace 
muffle, the record of the temperature rise or fall is perfectly smooth and continuous. The linearity 
of the program depends only on a slight non-linearity of the dependence of temperature on the 
thermoelectric voltage of the thermocouple. 

Fig. 1. Schematic diagram of the adapter for temperature rise (fall). P - furnace, T - heating 
circuit, Th - thermocouple, R - constant temperature controller, A - adapter. 

Fig. 2. Time course of voltage Eth and Ead during controlled heating up (a), cooling down (b). 
Fig. 3. Functional schematic diagram of the adapter . 

• 
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