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Electrlc Heater Control

by R M Ma,rston

" Three: clrcmts are described whlch employ a triac to switch electnc heaters for room (empera-
ture conh‘ol ‘and similar apphcatxons In all the circuits zero voltage switching is employed to
eliminate radno—frequency interferencé. One of the circnits is controlled by a thermostat, the

~ second by a thermistor and the third, which also uses a thermistor, varies the thermal outpnt of

the heater. The result is that when the room has reached working temperature the output ‘of the
heater balancas the heat losses from the room and yery stable control of temperature is obtained.

Flg 1 shows the circuit of a synchronous

circuit can control héater loads ih the range

: zero-voltage gatmg circuit, connected as a-,
- thermostat-regulated heater—controller The

300W to 2.4kW usirig the specified triac. The

circuit works as follows.

Trans:stors 'I)“1 and Tr , are connected as
a zero-voltage detector that is driven from
the a.c. power lme via current-llmltmg

. potentlal divider R; and Ry; Tr, is wired as

a common-emitter:amplifier, and is driven
on. whenever the line voltage is- substan-
tially positive; Tr, is wired as a common-
base amplifier, and is driven on Whenever
.theline voltage s substantially negatwe The

combined effect of Tr, and Tr, is thus such
that oné or other of these transistors is.

driven on whenever. the instantaneous line
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Fig. 1. Basic, zero voltage swz!clng, triac heater control circuit.
sensmg element isa thermasrat ;

-

In this case the temperature

- S

T
voltage, exceeds 4 certam ‘referencé value
and both trans:stors ate off when the line

_ voltage is below this value: The reference

vaIue approximates to:
§ - Vbe[(R2+R3)/R3]
:where V. is the forward base-emitt==

" i voltage of Try or Tr2 (= 600mV).
‘The collectors of Try and Tr, are coupr== .

to the base of the géting transistor T¥; via
R4 {Rs. is the collector load whén the
thermostat contacts are closed). Resistor
Rs provides base drive to the switching
i tta.nsmtor Tr,, which has R; and the triac -
gate as its collector [0ad, Transistors Tr,
‘and Tr, are powered from a zéner diode-
; regulated 10V d.c. supply denved from the
a.c. line via Ry, D, D, and C,. The thérmo-
 stat contacts are closed at low témperatures
"and open at high temperatures, The com-

"« bination R, and:C, act-asa’ snnple suppres-

sion network to prevent the triac from bemg
‘ turned on by line transients: ;

To understand the circuits action, assume -~

that §;is ‘on” and’thiat the instantaneons
‘a.c. line voltage'is at some value in gxcess of
" a reference value of, say 5V, Undet this
* condition either- Try or Ti, is driven on and.
Try is driven to saturation via R,.-The
" saturation voltage of Tr, is lower than the

. base-emitter turn-on voltage of- Tr4, so Tr,

is cut off and no gate drive is applled to the
 triac.
Suppose now that the instantaneons. line
“voltage falis below the 5V reference value
i (line voltage almost zero at the start or

. finish of one half-cycle). Transistors Tri.and
« Tr, turnoff and remove the base dnvefrcﬁ

Tr3 and Tr, is driven into saturation

* "Rs. As Try turns off currént flows into

| triac gate through R, which turns the triac
on and causes it to self-latch for the duration
- of the halr-cycle Thus, gate tngger current -

'lS applied to the triac only in the brief * -
% ;'periods when the line voltage isclose to zero

! and negligible radio- frequency interference
. is generated. - v

: With'S, in the auto position the heater is
controlled ‘by -the thermostat. When 'the
- correct temperature is reached the thermo-

K " stat’ s contacts open circuit the collector of
E ! Try and, prevent the friac from being turned

«on

. the use of a triac to control a heater without
. generating radio interference and cnables a .

. thermostat w1th very, llght contacts to be
cused. ° .
-The only adjustable component -in the

- circuit is Ry, which controls the ‘reference’
- voltage and .the width of the trtacs gate |
pulse, This pulse must not-eid until-the -
“current through the triac has risen above the.
. minimuth holding. current otherwise the
! trizc will fail to self-latch, However, the
‘ipulse must -not be too wide, otherw1sc
. r.f-interference may be generated when the
+ thermostat’s contacts close, or the low-
* voltage-d.c. supply may be overloaded. Tllré

2

‘pulse width must be adjusted to suit t
particular heater load that i is used with the

*. circuit. If a multi-value load (a two or three- g
" bar heatet) is used, R3 mist be adjusted with
' the heater in'the minimum load position. To

adjust Ra,.proceed as follows.
Set .S'1 to* on and Ry to maxunum

The circuit is useful in that it illustrates * -
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Fig. 2. When the I/w;mo.sfar of Fig. 1 is

replaced by this circuit room tewiperatire

is measured by thé thermistor which is part
of a bridge. The bridge and long-tail pair
control.the triac and therefore the heater.

resistance. Connect a voltrl:teter ecross C,,
and -apply power to the unit. "A reading of

" approximately 10V should be obtained.

.

Slowly reduce Ry to the point at which the

.triac just turns on and applies full power to
the heater (il the heater turns on with R; at-,
the maximum value, increase R; to 50kQ).
Check that a reading of 10V is still obtairied

‘across C;. Remove all power from the

circuit and meéasure the value of Rs. Now
set R, value to roughly half of the measured

value. Finally, reconnect power to the unit

and check that the heater turns on and that

C, still gives'a reading of 10V.-

Note: The circuit is designed to operaté

with a minimum heater load of about 300W. .
‘If. the voltage across C, falls appreciably

below 10V it is probable that too low a
heater load is’being used. In this case the

circuit should be used with an alternative.
- triac, which should have a lower holding

current rating that the device specified.
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Fig. 3. 4 comparison of the per, jwmmwc of the thermosiay and thermistor cont.rolled circuits

of Fi; zgs 1and2.
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Fig. 4. Showing how a san ‘tooth waveform uup;a.swd on Ihe bme Lolmge of Tl o allows
proportional control of the, lzeatet to be obiamed . :
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Thermostat controlled heater- sw1tch

Fig. 2 gives the extra c1rcu1try needed to

replace the {hermostat of Fig. 1 with a
thermistor.. The basic synchronous Zero-
voltage gating circuit remains, unchanged

* except that the thermostat is omitted and the

auto posilion of S; is connected to the

collector of Trs (Fig. 2). Resistors Rg, Rg,

Rypand Ry and the thermistor R, are wired

as a ‘temperatuce-sensitive bndge with Trg

and Trg bridge-balance détector. Resistor

R; of Fig. 1 (the inliibit remstor) is used as
the collector load of Trs.

When the room (thermistor) temperature .
is low Trs is driven hard on and current is
available to Rs, turnmg the triac, and there-
fore the heater, on synchronously. When
temperatures are high Trs is cut off and no
current flows in thie heater.

When the tempemture is close to the pre-
set value Trs is driven partlally on, and the
magmtudes of the currént in both Rs and
the friac gate. are proportional to the-
difference between the actual and the pre-set
temperatures The operating ¢ondition of
the circuit in this circumstance depends on’

" the magmtudes of these currents, as follows.

The.triac.in the Fig. 1 circuit is gated on-.
during posmve and negative’ half cycles
but the gate drive stays negative, Under
these conditions the IRT84 triac has typical
gate sensitivities of 35mA for the positive
half cycle and 15mA for the negative hall

cycle. Consequently, if the thermistor tem-
perature is low. and the bndge is. out of
balance sufﬁmently to cause the appltcatlon

" of 4 gate currentin excess of 35mA, the triac

is driven on for both (positive and negative
half cycles and’ apphes full power to the
heater. As the temperature rises the bridge
goes closer to balance and the friac gate
current decreases. When the gate current
falls to a value less than 35mA but greater
than 15mA the triac ceases to trigger during
positive half cycles and it applies half power
to the heater. When the’ temperature—
sensitive bridge is nearly balanced the triac
gate current falls to less. than 15mA; all
power is removed from the heater. ’
‘Thus, with the combmed circuits of Figs
1 and 2 controlling a heater, room tempera-
tures’ can be accurately.controlled. The i
procedure for setting up the-circuit is as-
follows.
" First adjust R; in the same way as
described earlier._Turn §, :to the auto -
position and set Rg to mid-value. Raise the
thermistor to the required turn-off tem-
perature, and adjust Ry, so'that the heater
goes into half-wave operation. All adjust-
ments are then compléte, and the circuit is
ready for use. Potentiometer Ry enables the .
turn-off témperature to be varied a few
deprees about the value pre-set by Ry,.
Fig. 3 shows the typical . performance

" (temperature-regulation)-graph of the Figs

1 and 2 circuits when sét to maintain aroom °
temperature of 70°F. Room temperature:
rises fairly rapidly at first and then fluctu-

. ates about the pre-set level. There arfe two

‘basic causes for the fluctuations. One cause

s the ‘thermal backlash of the elcctromc

control system or the temperature sensor.
The other is the thermal time constant of the
room and/or the heater, Heat output does-
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not fall abruptly when power is removed
from the heater, so the room temperature

© . contimies to rise for a short period after the -

Heater is turned off. This heat permeates

. slowa through the room, and takes timeto
.. wirm up the thermistor on 'thérmostat.

The thermal over- and under-shoots of

the thermostat -regulated circuitare dictated . -

prrmanly by the backlash of the actual
‘thermostat, which is assumed to be + 1°F in

Fig. 3."The performance of the thermistor- °
regulated circiiit is dictated primarily by the -

thermal time constants of the room and thé
; heater, but typically, it will kold room

; temperature to within +0 3°F of the pre-set

level "
Integral-cycle heater controller

- Very precise room temperature control can
be -obtained by varying the output.of the

. heater. Phase-controlledvarrab]e-powersys- '
tems ¢annot be used for heater control, due .
“to the severe radio frequency interference -

preblems that are mvolved at hrgh power
Jevels.

. Fully variable mterference free control ‘of
- heater outpit can, however, be obtained

usmg synchronous mternal-eycle ‘switch- .

ing, in which power is applied to the heater
. _for only a definite mtegral number of half-

. cycles. Thus, if power is applied for only ;]
fifty half-cycles in.each hundred the heater - )
- will operate at 50% of full power, and’if .

powet is applied- for ninety half-cycles in

every hundred it will operate at 909 of fulltl

power, and so on.
Thermrstor-regulated synchronous ¢ir-

cuits can be designed to give fully automatic

integral-cycle variable power control of

electric. heaters. Such circuits ‘give: very.
. accurate regulation of room temperatures.
. The operating principls of a self-regulating -

.integral-cycle heatercontrollercan be under-
" stood with the'did of Figs 2 and 4. ok

A repetitive sawtooth waveform with an

: amphtude of 300mV .and a period of one

~via d capacitor, and the circuit action is such

that an.inhibit signal is fed to the synchro-

nous tria¢ on:off circuit whenever Tr5. turns
off as the instantanedus voltage at pomt B
goes negative to that at A.

Frg 4 shows the voltages that appear at

< points'’A and B under different temperature
conditions when thecircuitis set to mamtam

a room temperature of 70°F, and shows thie.
- resultmg heater output levels at four differ--

" ent temperatures. It can.be seen that: a
low-ampiitude saw-toothwaveform issuper-

imposed on a fixed Teference potential of .

SV at point B m the circuit, and that a

- steady potentials -appearsat point Abuthas &

an amplitude that varies with temperature
Variable resistor R, , is adjusted so that its
" resistance is slightly greater than that of the

thermistor:at 70°F, so that a potential of ,

5.2 V appears at pornt A under thrs
condition.

Thius, when the room temperature is

below 69°F the thermistor resistaice is high
and point A is always negative to’ point B,

" so Trs is biased on and full power isapplied -

. -to the heater, as shown in Fig. 4. As the
room temperature rises the resistance of the

thermistor decreases, and the potential at’

por_nt A 'f.alls Consequently, the. circuit

]
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: .passes through an ared (between 6%°F and
: 70.5°F) where Trs i$ turned on and off once
.second, isappligd to the base of Trg (point B).

every second by the sawtooth wave_form at
point” B.” When the temperature rises to-

- 69.5°F, Trs.and thie heater are turned’ off '

for. one third of each one-second sawtooth
-period; so the heater” output falis'to two-

the room temperature rises to 70.5°F, the”
voltage at point A becomes positive to that -
at point B, so Tr, and the heater are-turned °

The irmportant point to ‘note about the

3 self-regu]atmg mtegral-cycle heater contrel
“system is: that it applies full power to the’
-~ heatér until the room temperature rises to -
“withina degree orso of the pre-set levél, and

that the heater output then rediices pro-- .

gressively-as the ] pre-set level is approached, ..

the heat output being proportional to the :
. thermal requiretents of the room: Even-
. - tually, when the, pre-set temperature is -
" -reached, the heater is not switched fully otf
- but gives just sufficient output to counter-
“balance the natural heat lossés of the room.”
. The: heater s, sw;tched ‘off only.when the .

room temperature is raised shghtly above
the' pre-set level by an external cause, such

S

<k

_gives very good regulatron of room ;
temperature oo ¥,
- Fig. 5" shows the practrcal crrcmt of the
asavvto oth generator which must be addéd to®
‘the circuits of Figs 1 and 2 to form the

. ‘self-regulatmg mtegral—c.ycle heater con- T

ttroller
‘The output waveform of the unrjunct_
oscrllator (Trq) is t‘ed to the base of Trg v
Cy4. The sawtooth is inverted in relation to -
-'the waveform shown in Fig. 4 but the basic
‘théory -'of operation is unchanged.” The .
procedure for mrtlally setting up this circuit .
is quite simple, and is as follows. )
; First, connect the selected heater in place,
‘turn §; to the ‘on’ position, and adjust R,

_in the same way as described before. Turn

.S1 tothe ‘auto’ position, set Ry tomid-value,” |
_raise the thermistor tothe required ‘normal’ -
‘roomtemperature level, and then adjustR§, -

'so that the heater ooutput drops to roughly. -

one third of maxrmum All ad_]ustments are
‘then complete and the circuit is ready for

"+ use. Room temperatures can be varied

. thirds of maximum. At 70°F Trs and the .-
 heater ate turned off for two-thirds of each

. ohe-second penod so the heater output falls
. toone-third of i maximum: Eventually, when

P 1

several degrees about the pre-set Ievel \vrth s
Ry’

Fig. 6 shows the typrcal performance of

jthe unit. When ﬁrst switched on the’room .
temperature rises fairly rapidly to: within a-
- degree. or 50 of the pre-set level. The tem-
_ perature. then slowly settles. down to the
pre-set level, with neghgrble overshoot or
undershoot L .

Practrcal pomts L

Constructlon of the units shouId present few
prob]ems The layouts are riot critical, an
the circuits can be wired up'on Veroboard
‘on Specrally designed prmted circuits. Re-"
‘sistor Ry isa 5W type,and R, is rated at 2W;
these two resistofs should be rnounted well-

. above the-surface of the board; and should

+be separated from all ‘semiconductors and:
from C,. Triac Dy dissipates roughly 8W .
. ‘per kilowatt of ‘heater Joad,’ and must be.

) rmounted ona surtable fieéat sink:

The triacs uséd in the prototype crrcults‘
‘are the.recently’ introduced: IRTS4 “types,
~ manufactured by .International Rectifiér.
-“This is a'10A; 400V plastic device, and- is
avallable from a numiber of supphers Other
triacs may be suitable for use in place of the
IRT84, ‘bt they, must- have low holdmg-"

- “current values. Unmiarked triacs ate fo be ~
. avoided in these ¢ircuits. Unijunction tran-

srstor Tre is another Internatlonal Rectlﬁer
" device.:

t When :installing or testmg the circtits

remember that they aré ‘live’, and that they
:should be screened so that they cannot be
" touched by childrén or othér ‘inquisitive’
“individuals: The thermistor or thermostat
_should be placed remote from the main upit
“and positioned so that it responds to mean
_room temperature. It should be mounted '
two or three feet above ground level, and-
must be out of ‘the way of draughts and

sources of direct’ heat. The temperature: -

Sensing ‘head’ should be mounted i in a'we
. ventilated but tamper-proofbox,and should ™
be connected to the main unit via 4 screened
lead. that is. safe for.use at mains voltages.
Do not ‘use the flimsy screened ' cable

' sometimes used for mrcrophones and other
Iow-level sources. 2
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