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34 METHOD AND CIRCUIT ARRANGEMENT FORMONITORING
AND LIMITING THE OPERATING TEMPERATURE OF
ELECTRICALLY HEATED EQUIPMENT, AS WELL AS THE
USE OF THE METHOD

(57) A method and apparatus for monitoring and limiting the operational temperature of physical and technical
equipment includes supplying a heating device with at least one test pulse of energy and the effect of the test pulse on
the temperature course of the equipment 1s compared to a characteristic operating line that 1s to be monitored. The
comparison dictates whether further energy can be supplied to the device or whether the energy supply 1s to be
switched off. Such monitoring and control can be carried out periodically, without interrupting the operation of the
equipment. The imnvention can be used to monitor the degree to which a heater 1s filled with a heat transter medium;
and 1s also able to detect impermissible heat dissipation levels.
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ABSTRACT OF THE DISCLOSURE

A method and apparatus for monitoring and limiting the
operational temperature of physical and technical equipment
includes supplying a heating device with at least one test
pulse of energy and the effect of the test pulse on the
temperature course of the equipment 1s compared to a
characteristic operating line that 1s to be monitored. The

comparison dictates whether further energy can be supplied to

the device or whether the energy supply 1s to be switched off.
Such monitoring and control can be carried out periodically,
without interrupting the operation of the eqguipment. The
invention can be used to monitor the degree to which a heater

is filled with a heat transfer medium; and 1s also able to

detect impermissible heat dissipation levels.
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METIIOD AND CIRCUIT ARRANGEMENT FOR MONITORING

AND LIMITING THE OPERATING TEMPERATURE OF

ELECTRICALLY HEATED EQUIPMENT, NS WELL

AS TIE USE_OF THE METHOD

rield of the Invention

rhe present invention relates to & method for monitoring and

limlting

able heal capaclty, the

physical and technical equipment with varl

apparatug for carrying out the method and thé use of the method.

Background of the Inventlion

generally used for physical equlpment,

lleating elements are

rechnical equipment, heating devlces, process technology
Installations, etc. The opera

frequently increases 1ln an impermlssible mannel when there 1s a

‘change in the physical paramelers, such as heat storage capaclly,

conductivity and/or cooling rate of the equipment.

Likewise, the ability of the equipment to functlon can be

impaired,'if the intended surface temperature of ithe heating

device 1s not reached.

.......
[ .
s

. - .
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With healing apparatuses, partlicularly radlators, the danger
of overhealinyg exists, so that there is danger of fire if the
heat-transfer medium, yenerally water, is present in an
insufficlent amount in the equipment.

legggﬂofmphe Invention

— — v— gl b W St ® b % = B i e A W S— i S————

——— e -

It is Lherefore an object of the invention to provide a
method which permits inadmlssible operating temperatures to be

recognized at the earliest possible time and the supply of energy

Lo Lhe heating devlice to be swilched off and/or error messages Lo

be generated.

‘Spmma.x:yu__(_)___[;“_Hj_l;_l1e Inv__eptiorl

P S e o o o R . p—" - gy -

This objective is accomplished by the present invention in

which, in Lhe method aspect, the actual temperature of the

equipment is measured. A defined amount of healting energy is
then supplied during a defined time interval Lo the equipment
heating device. After a temperature equilibration time, the

aclual ltemperature of the equipment 1s measured once again. In

Lhe cvent of deviation of the measured temperature change from a

nominal value range the supply of enerygy Lo the heating devlice 1s

interruploed. 1f the temperature rise lles within the nominal

range of values, energy is again supplied to the heater during at

leaslt one further interval of time.

The circult arrangement for carrying out the method is

characlerized in that the oulpult of a reference temperature value

selter as well as the output of a tesl eneryy gygenerator, is

provided to a gale circuit. The gate permlts the cholce of
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outputs to be supplled to a flrst InpuL of a comparator, whille

the second input of the comparator 1s connected to the ouLpuL oL

the actual ltemperalture measuring devlice. rhe cowmparator 18 used

Lo control the operaltlon of the heatiny element. In addltion,

control means direct the pertodio application of the deflned

amount of heat energy and permits the analysis of the ac‘tual

temperature of the equipment during test conditions.

Use ol @ dithal value seLLeL nakes Lt possible to effect

Lhoe inputiof nominal values 9381ly. lncreasing the nominal

LmePIdLULe va alue range for Legting puxposgv by, in eaoh case, a

constant value ovel the warm~up process [OT the heaLer

repteqents a particula rly efficlient means of monitoring

operation.

'I'he pL@venL me thod permlLs equipment to be checked

| periodLb le for funchonal rellabiliLy wiLhouL having Lo

.Lnt,el rUpl the c)peLaLj 0§ o[ Lhe eqm.pm@nl, Upper and a lower

pleiS%Jble nomtnal va 1ues can b@ Ijxed expexlmenLally and

"lulPQJulnd in a.g lple manner in lhe monLlOLing sysLem by

 ndju Linq the 5wiLuhing Lhreshold Because a pexm[sslble

limtting temperatULe can be 6331gned overheating of the heating'

apparatu“ is pLevenLed Ly the monjLOLing test itqelf

 Further sensors, such as flow moniLoxs Lhermooouples, etc.

Ling exisLJng heat

-may be inPLUGQG in the appax atus, permit

as Lhe deLerminaLion

apﬂpiLles or Lhetmal conductivtties as well

.OF jmpexqusible heat disslpation to he included in the

moniLOLing in a simple ma nner.

11y Yate -
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A preferred use of

monitoring of the amount Of heabtransfer' medium in a heater and

has proven 1Lls value particularly in connectlon with towel

radiators oOr heaters.

The monLLorlng of time- ~-dependent heat diseipetion s of

general importance, particularly for applications in process

technology, when changes in state, such-as the occurrence of a

vapor phase and/or leakage 1osses and/oxr mass changes, mnust be

taken into eonsideretion when controlling the heat.

'.gggQg Descriggipn of Lhe Drawings . o -

Figure 1 shows a simplified hand towel heater with a

heaLlng element,

Figure 2 1is @ graph of a represenLative characteristic

course of the initial Operating temperaLure of

'ed pursnant'to the invention,
'Figure-S; ehows a.circuitafrangemenL for monitoring the
the heater of Figure ] in

accordance wlth Lhe pxeqenL inven'l:'iOn;. ST

Loring the

Fignre;4 ‘depioLs a circuit arranqememL for moni

"operatlng Lemperatuxe of an addiLional element,

and;

thuxe 5 s a plot of Lhe represenLaLive operational.

'behaeior‘of Lhe inventive heaLeriof Figurenl-

""""""

------

L



<7000

t of the Invention

nDatalled Description of An Embodimen

As presented in Figure 1, a heating device 1, such as may be

uged in a device to warm hand towels, 1S depicted. AS shown, ‘the

active portion ot the heating device is a heatling element Or

heating cartridge. rhe cartridge 1s mounted co-axially in the
lower regilon of heater unit 8 by means of a mounting nut Z;szaiﬂangai

A heating rod 4 and a scmewhaL shorter parallel sensor rod 5 extend

into a heat Liansfer medium carried within the heaLing uniL The_

sensor rod b 1s supporLed adJacenL the heatling rod 4 by @ bearing

ring 6 and contains, as @ measuring element a conventional

'commercial, temperature~dependent_resisLance (PQC reslstance,
Philips type KIY83).

As shown, the heat transfer medium may consist of water; a

permissible upper filling level for the heaL transfer medium is

']abeled Ni and an example cf an. impermissible 1low level is

:labeled N2. 'The amount of heaL radiating radially inLo the air

ls chnracLerlzed by Lhe arrows Q

ILechJcal enexgy is supplled Lo Lhe heating.devicesover;a'l

"mains ccnnecLlon l’ which is connected with the ciicuit

arrangements of Figures 3 1nd 4 by way c[ & mcniLoring clrcuit
as will be described

¥ pch of Lhe operaLing Lemperature of a vaical piece of

stic course which is represenLed in

| ';_app*n:al,us lias_ G c11a'r-acterj
econds; the

supplied'heating_power P"in"watts;'

5

vvvvv

lllll
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1f an energy pulse W, 1ls SUpplled to the equmeent during

the time 4 t,, the Lempexature of the equipment, having a glven

heat capaclty and a corresponding t+hermal conductivity behavior,

increases slightly from roou temperature T, = 293°K in accordance

wi th curveal,'thereafter declining asymptotlcally to xroom

temperature in accordance with the radiation behavior of the

ogul[nnenl, 1f a further pulse W, of heating energy is supplied

'the

after d 50~ ~called Lemperalure equlLLbraLjon tine g}La,

.tempexature al the measuring gite increases corresponding to'az,

'only to decline to ambienL once again.

II the heat storage behavior of Lhe equlpment does not agree

with ealculaLed permissible value for example, because the heat

Lransfer medium 1s not present or is presenL in an insuffieienL

amounL Lhe Lemperature of the equipmenL may vary from nominal,

s indieaLed by - b zumlth | Such plots indicate that Lhe o

equipment mdy become overheaLed in an impermissible manner uPon_

p e0nLinued operation

Jn aoeordanee wLLh Lhe pLesenL lnveuLLon such'overheating'

Vis avuided sinee a LemperaLure which lg ouLside of Lhe -

permlssible nomlna] range is deLecLed before a second pulse of

| -energy is SUpplied and the suPply of cuxrent to the heaLer is

‘inLerrupLed

The_clxcuit srrangement of Figure'B eontains-the monitoring'

* psysLem for a heaLer in the presence of a heat transfer mediun.

In iLs expanded form of Figure 4, this circuit arrangement can

l addLLlonsl1y 1ecogn1ze and signal if the flow Lhrough the heater.

4 L, -

.......
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ig exrcessive, foI example, when a valve is open, or 1f the heater

1s cooled excesslvely.
the voltage applied Lo the heater coll

1inal voltage K, which

As shown in.Figure 3,

of the heating rod 4 of Figure 1 1s the tern
is Lthe alternating currenL voltage of Lhe malns supply Switch 9

nd 1g controlled by a relay

ig in series with the heating rod,

coll 10. 'The sensor rod- H is mounted on 'l:he heating rod 4 and

is thus thermally coupled to it, as symbolized by‘g'th. A PIC

reslstance serves as ‘the active element of a sensor' iLs

nnexr jnLo a volLage str by

alue seLLel 1J
The output of the value setterfli 1s cempered by comparator

- eonveLLor 18. Convertor 18 hes.épplied'to'its‘input either a

nominal or re[erence value eetLer 16

 re[eLence va 1ue developed by

t 14 ' As presented

or. a leferenee va lue developed by LesL circu}

.Lhe ouLpuL oI l@f
*prefelany nglLal replesenLlng a desired LempeLature value.
'Theee digitnl 1epresenLaLlons are converLed to a volLaJe level by

'converLer 18 as known in the arL

.convertor is conLrolled by "or" gate 17, the operation of which

.may be controlled by test circuit 14
erenoe volt ge:eetter 16 1$’

When Lhe 1e£
.eonvertor'lS end then to eomparator 12, 'the apparatus functions

in a convenLional manner,
- bY[the Sensor rod 5 is compared.to.a_reference'temperature value

.....

= .
..........

““““
11111
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'-{circuiL 14 Through test timer 15

..ddfdhnd as. Lhe Lhenmal load represented by Lh

 ddffrom Lhe applied LesL energy corlesponds Lc prOper o

L7069

as set by reference value-setter 1ll. The comparator 12 provides

an output which is passed through a gate 13 to relay coll 10

which permits relay contacts 9 to be engaged, sending current to

the heater element 4. Such operation may be continuous, Or may

"be in an intermlittent or pulsed manner, depending on the mode of

operation for gate 17.

Because 1n ccnvehtional operaLion the comparator 12 provides

'en output only when the reference temperature is below thaL of

the heaLer it does noL pxovide any indicaLion of malfunctlon.-

Accordingly, Lhe ouLpuL of value seLLer ll is also passed to LesL

ouLput 2 of the tesL circuit

is ¢ cLivaLed on a pertodic basis,-"or" gete 17 permitLing the"

oulput to pass to “the conVertcr'lB “and _‘l:_hus to compere toxr 12.

Beceuse Lhe ouLpuL 2 1s controlled both as to magnitude and time,

sc'lcng as its megnitude is above Lhe LemperaLure of the heater

'l,_as sensed by sensor rod comperaLor l? will operate and allow"

' mains energY Lo be passed Lo the heater. The amount cf energy'

' execelved by Lhe heaLer rod 4 during a LesL cycle ls Lhus known."

e heaLer is known,,e..

'proper expecLed LemperﬁLure rise resulLing Irom Lhe kncwn amounL
of energy can ‘be. calculated
Jy monitortng Lhe sensed tempereture at Lerminal 1 teste

”'suniL 14 deLermines wheLher the sensed Lempereture rise resultingf“ |

peration or

:Lndicatee LhaL system operaLion is not ncrmel a. g Lhat the

'a heaLer baLh 1evel is below proper levels, LesulLing in an abcve

rF v o .

""""
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normal and expected temperature rise. Such testing can pe
performed on a perlodic basis, governed by test-timer 15, until
the sensed temperature corresponds to the reference vélue
provided to the comparator, as at that level the comparator
changes state and prevents additional energy to be passed to the
heater. '"his change of output state is sensed at test circuit
terminal 3 and perhits the fest routine to be halted.
'Ifan.out~0f-range c0ndition is gsensed, test circuit 14
provides an interrupt of lockout signal at terminal's.to‘the
relay .1.0 to prevent ‘the\:appiica"l;ion of further energy to 'the' -
heater.. If a sufficiently lowtemperature'issenSed, it méy.
similarly apply a priority'signal on line 4 through a gaté.13 to
the relay, to supply energy to the heater on a prioritybaéis 1£
-comparator 12 is for-some reasQninoperative or 1f timed
operation of gate 17 cannbt.raiée the témperature'as‘requiféd.
.‘.‘ This relatively Simplé:circuit érrangemént makes it possib1é‘
jtd reliably'detect whether.the;sensor rod 5, and thus‘theheating :
apparatus, has heated up impermissibly by comparing the '
'tem'per.‘:a"turé,. wl'xiCh 1s de‘té,C‘ted‘ wlith the PYC resistanée 5! ' with
thé naminaltempefature.that 1s to be.expected.' . ' o
'The circﬁit arrangement,Of Figure4;sﬁhich has been'pranded'
compared toithat of'Figure 3; has an'additionalcomparator.lz’, i
”'th¢h i§ simiiaf to comparator 12;"The'comparétor'12'@ompares.
 temperature values'measured at'én édditiOnal sensor.ﬁ"'With the
appfopriétte reféren'ce value'sk. The output of the compara‘tor is,

-'COUpled to an additional'inpUt_of the gate circuit 13, This

9

\\\\
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allows control to be provided based on sensed ﬁamp;;utdteu a. a

variety of locations. The sensor 5" may be a thermocouple, which

can monitor the water temperature of the heating device for
comparison to a speclified minimum.

For the sake of simplicity, only cilircuitry for'application
and cutoff of the energy supply to the heating rod 4 is shown in

Filgures 3 and 4: it 1s obvious that error messages dan be
generated in an analogous manner abd transmlitted to 8 guitable
‘recelver. ’
Figure 5 illustrates.performance of the preseht'inyentiéhL 

. and shows 64 time-, incremént's_ 1 .{m the abscissa; the tgmbevra"ture T
- is plotted on tﬁa ofdinﬁte in"K. A characte:istio tém§grature |
.1ine'Rif:of the PTC résiStance_S'.of Figure 3 is éhbﬁn'frOm |
normal room temperature T, = 278 "K. up to 'the limi"ting 'temperatt..‘are
'“3Iu 343°K 1inearly‘in-a simplifigd fashibn. Two'tegt.exampleé  |
hgve been drawn,on this'oharadteriétic line. -The.fOIIOQing.is:a -
  key-for the_refgrenca.symbéls§  . . ‘
-  81 _'coursé.of théitampéféfufa Qith'a heat:tréﬁsfeilmédium'l

f; bi' course of the_te&perature wlthout a heét“tréns£éf

"mediU@ 7
1 time 1ndreméhté .
R | characteristic températufe liﬁe‘(PTC)'
1 T,_ l(ioﬁé9t) rooﬁ tempe#atﬁre
':t_.  time a#is_' -

'Aff, time*interval for applida£iqn'of tést ene:gy'ff

At temperature.equilibfatibn”time

.~
.....

' "'*'mumwmr««m"‘dmm‘ﬂmﬁnuumummwuu-uhviwm-:-w walecas "--Mdhaﬂmm;mum;”paﬂq~~m4-.4lmq-nnl,-wl—a..u-.--w TR T I T Tors T R a3 We wawas s wes 5 O s
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t, operating time of heating device
A Ty temperature increment (constant)
energy appliled during tast

W, energy applied during operation

T absolute temperature

14, actual temperature at_time 1

i, actual temperature at ‘time’z
‘Tia._actual temperature at time 3
'Ti;"actual Lemperature at Lime.4

T'  llmiting Lemperature of heatlng devica

7

AT, temperature change,
43Ti3 Lemperature change

Al first nominal range valua
During a ‘time Atl a controlled amount of energy W is applied to

'the'SYStem which is at temperature,Tdi.j‘With the heaL transfer

medium in place‘ the temperature of the system riees over Lime~

'Ad, Lo Lemperature Tiz, JAS'this temperature 1s wiLhin the '

operation “of "

permissable ealculﬁted Lemperature rlse zone JA'T

Lhe sysLem ls dcemed normal and noxmal opaxating enargy Wd.hs',

oontinued to be applied to heat the apparatus in the normal

- course of operatlon..

nt Lhat the heaL transfer medium is loqt the

Iin' 'the eve
t'applicatIOn Of.a;test energy'pulee durlng a.tinma‘ata results in' 
' | This Lemperature riee

11

,,,,,
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allowing the input of normal operating energy W, to the nestes Lu

be interrupted.

The energy 'wa used for the test can be minimized in such a

way, particularly 1f the sensor is arranged on the heating

element, that the operating behavior of the equipment which 1s to

be monitored is noL inLerfered with by any sijnificanL manner,

even with the application o[ pertodic tests at different

LemperaLure Jevels as the temperature of the heaLer Iisas Lo itls

final operaLlng level

The invenLion may be used to advantage in equipment of the

Lype in which a constant heat ouLpuL is designed for a maximum

value,'whieh is selected on the basis of safeLy consideration.

It can, however, also be used in many other controlled heating

devices Lo increase the operational safeLy of such devices by

'periodic testing during operation. By use of appropriate known

mioroproeessor technology to control and operate the Lest oircuiL

and timerﬁ efficienL SUpervision of such devices may be

conducted.

12

-----
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WHAT IS CLAIMED I5:

1. A method for monitoring and limiting the operational
temperature of an electrically heated device whose temperature

1s normally regulated by comparison of the temperature of the

device to a reference whereby operation of a primary heating
supply 1s controlled, comprising the steps of:

measuring the actual temperature of the device;

supplying a defined amount of heating energy to the
device heater over a chosen time 1interval;

measuring the resulting temperature rise of the device

after an appropriate equilibrium time;

comparing the temperature rise to a reference range; and

interrupting the ©primary heating supply if the

temperature rise 1s outside the reference range and applying

or permitting the application of energy to said heater from

sald primary heating supply for a second interval 1f the

temperature rise 1s within the reference range.

2. The method of claim 1 further comprising the initial step

1

O

4

choosing a device temperature range over which monitoring
is to be accomplished and dividing said range into a plurality
of equal segments; and the further step of repeating said
measuring, supplying and comparing steps on a perilodic basis,

—

wherein sailid reference temperature range for each of said

groups of repeated steps 1s chosen to correspond to a chosen

nominal value of one of salid segments.

A 434 A A5 e W B4 6314 DA ] o ' elatain NG Y o SO O 06 o LI 34 O OIS b PPN a4V 8 S5 1D LA €014 Lt 8R4 T Y AL AVTDTOO A ORS00SR A VAR AE OO VRTINS OPRIDO4 AMAORE 9P 0TI IR A TSRO W LB YT B st o i
e MR O | AT L P S L mCRC UL L v -t HLLICH CIDHIIINIEN SRR IR v Rt (i
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3. The method of claim 2, wherein the reference range values

are 1ncremented by a constant value to a new value for each

of said groups of repeated steps.

p_—

4. The method of claim 1, wherein said reference range values

P

are limiting values of acceptable temperature rise calculated

g

under permissible operating conditions of the device that is

to be monitored.

0. The method of claim 1, comprising the further step of
terminating the supply of all energy to the device when the
permissible high limit temperature for the device is reached.

A~

6 . In a heating apparatus of the type in which a signal

H

representing the actual temperature of the apparatus 1is

compared to a desired reference temperature signal by

’ anad

comparison means, the output of said comparison means being

utilized to pass heater current to an electrically-operated

heating element when the actual temperature of the apparatus

F
—

1OY

1s below the reference temperature, an improvement

monitoring the performance and limiting the operational

pr—

temperature of the heating apparatus, comprising:

means for generating a test signal representing a

predetermined quantity of energy;

means for interrupting the passage of heater current to

sald heater element and passing sald predetermined quantity

F

of energy of said heater element 1in lieu thereof;
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means for measuring the increase in temperature of said

apparatus in response to said application of said

predetermined quantity of energy;

means Ifor comparing said increase in temperature to a

calculated expected temperature increase value range

v

representing normal operation of said heater; and

F
p—

means for maintaining the interruption of the passage o:

"

heater current to said heater element in the event said
comparison 1indicates an out-of-range value.

7. The apparatus of claim 6, wherein said means for

lnterrupting the passage of heater current comprises means for
interrupting said heater current on a periodic basis.

3. The apparatus of claim 7, wherein said interrupting and
passing means comprises on or gate having a first input for
sald reference temperature signal and a second input for said
test signal, and an output coupled to said temperature
comparison means.

9. The apparatus of claim 8, wherein said test reference and
reference temperature signals are in digital format and said
gate output 1s coupled to said temperature comparison means

through a digital to analog convertor.

10. Apparatus for monitoring the operation of a heating

device having an electrical heater element, comprising:

means for passing a measured amount of electrical energy

to said heater element;

ST T A L0 Ol A AR LML (a0 00 U T MRS 1 (61 MR L0 PO CL AT ETPTEIMILA 17 0 PSR 014 L LA 4110 M L S 8 L2 S 4TS5 AT MM TTIATI 00 PRI SN 20D MRS I 10 L7 1O el L 0 e (U b 32 112 e e A et 445 L o DA AL AL SR SO AU AL A A SIS S ILEEMELIR NI | LA BRI R N
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means for measuring the temperature rise of said heating

means for comparing the measured temperature rise to a
reference; and

means for generating a signal representing the results
of said comparison.

11. The apparatus of claim 10 wherein said passing means

comprises means for passing said energy on a periodic basis.

12. The apparatus of claim 10 further comprising means for

disconnecting said heater element from other sources of

electrical energy during the time said measured amount of

energy 1s passed thereto and said temperature rise 1is

measured.

RIDOUT & MAYREE
150 Metcalfe St., 19th Floor
Ottawa, Ontario
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