Constructional Project

MULTI-PURPOS
THERMOSTAT

ALAN WINSTANLEY

An adaptable design for precise
control of electric heaters.
Useful in domestic, horticultural,
photographic, aquatic
applications and more. Full 13A

250V rating.

OMPERATURE control is jusl one

I arca where electronics exccls over

its elcctromechanical counterparts,
Mechanical hi-metallic strips are often used
in heating systems nol requiring a
particulurly fine degree of tcmperature
control, for instance in tropical aquaria an
immersible’ bi-metallic strip thermostat 1s
the usual means of scnsing the water
temperalure since it is cheap to implement
and is rcasonmably reliable. The inital
setting up, however, is often a matter of
trial and error becausc these devices are
generally completely uncalibrated and the
only way lo know whether youw've gol it
right is to try it and see — and hope that the
fish agree!

In other domestic applications a hi-
metallic strip may find its way into &
typical ceniral heating thermostal, and
refrigerator or electric fire temperature
controls, Tn the casc of a fan or convector
heater thermastat, for instance, the control
may be calibrated with just an arbitrary
scale and secondly, there is almost always a
proportion of “overshoot” where the tem-
peralure has to reach a peak before the
hi-metallic strip will switch off the healer.

Then the temperature may have to fall lo
an undasirably low level before the heater
switches in again. Therefore the control
might well be set with the minimum re-
guired lemperature in mind. paying scant
attention to the unnecessary tempcrature
peaks and surges which may occur before
the bi-metallic thermoslat turns the fire off.
Henee, you either freeze or [Tyl

Another problem with electromechani-
cal thermostats 1is their tendency to
“waver’’ at the desircd selling, resulting in
a sccond or two of buzzing and contact
arcing as the bi-metallic strip trips over.
Sometimes a magnet is included on the
strip to help guard against this, to
accelerate the movement of the contacts
when they switch over.

APPLICATIONS

It's a simple malter to overcame all
of these disadvantages with an electronic
thermostat such as the one to be described
here. 'This general purpose unit can be
adapted to suit the reader’s specific requnire-
ments. It was desipned to be safe and
reliable to vonstruct, whilst kecping a keen
eve on cost.

It has a full 13A 250V rating which
enables it to control a load of up to 3kW
(3.000 watts).

By fiting a temperature scosor of
suitable design, it can be nsed to delecl
both air and liguid ambient temperaturcs.
This makes it useful for:

@ General domestic applications (electric
fires. space heating etc.).

@ Horlicultural use (preenhouse heating,
propagator and nursery hench tempera-
tire control).

® Photopraphy (dish warming, developer
process control).

@ Printed circuit bourd (p.c.b.) production

etchant temperature control.

@ Tropical aguaria — [ishlank heating.

@ Homehrewing — [ermuentation control.
An extra fealure of this design is the

inclusion of an optional “hysteresis™ con-
trol. This permits the nser to adjust the
difference belween the high and low tem-
perature switching points, which then al-
lows further control over the temperature
accuracy,

This means that the operating band of
the thermostat cun be narrowed or widened
somewhat, which muy help to compensate
[or the thermal “incrtia™ of the heating
system: a larger inertia meuns more stored
warmth in the heater, producing 4 lempera-
ture overshool even after the heater has
switchad off. 'The hysleresis control feature
could, however, be omitled if necessary.

ciBCuUIT
DESCRIPTION

The complete circuit diagram of Lhe
Multi-Purpose  Thermostat is shown in
Fig. 1. This is a straightforward design
centred around an operalional amplifier
i.c. [C3, confipured as a Schmill (rigger. It
is powcered [rom a mains-derived regulated
12V dec. rail. A high-stability adjustable
shunt regulator (1C2) is set to provide an
accurate reference voltage for the op.amp,
which compares a tremperature-dependent
signal against this reference and operates a
heavy duty relay io Lurn the mains load on
and off accordingly.

A thermally-sensitive resistor or ther-
mistar RY forms the ftemperaturc scn-
sor for this unit. In order to economise,
u readily available bead thermistor was
sclecled rather than a glass bead type,
which ulthough mare accurate is both more
expensive and guite delicate to handle.

The thermistor has a negative tempera-
{ure co-efficient (n.t.c.) which implies that
its resistance falls when its lemperature
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increases. It's usual Lo speeily the thermis-
tor resistunce at a piven temperature; a 4ic7
4t 25°C bead is used.

This is located remotely rom the main
thermostat and is connected by a 3-5mm
jack plug and socket, PL1/SK2. Capacitor
€4 helps reduce any noise picked up on the
conneeting cable. By suitably mounting the
thermistor. it can he adapted to sense either
liquids or ambient air lemperaturcs, sce
later.

Along with Temperature control poten-
lometer VR and resistor RS, the thermis-
tor forms z potential divider which is
connected to the non-inverting () input,
pin 3, of the op.amp IC3. which has a
high impedsance MOSPET input. When
the thermistor’s temiperatuce increases, its
resistance falls and so the non-inverting
input voltage falls also.

The op.amp amplifics the difference be-
tween (he voltages of the non-inverting and
inverting input {pins 3 and 2 respeclively),
If the + input is preater lhan the - input
then the output swings “high". Conversely,
should the — input be greater than the +
input then the ourput will move negatively
“low™.

Because a single rail supply is used here
rather than a split supply, the output pin
can only switch either o the positive rail or
Lo OV, depending on the polarity of the (wo
input voltages. In this mode the op.amp is
actually operating as a comparator.

REFERENCE
VOLTAGE

The imverting ( } input is firmly

clamped at & fixed reference voltage. This 15
set for precisely 6V de. (hall the rail
voltage) and is generated by IC2, a TL431
adjustable shuni repularor.

This is quite a handy device to become
acquainted with, and its basic principle of
operation is shown in Fig. 2. The device

R1
Vour=Vret, {1473 vOLTS

Vrgf =2VS [TLL3Y |
V75 (TL430)

Fig. 2. Operation of the high stability
L4371 adjustable shunt regulator,

has three pins, namely anode (a), cathode
(k} and a third “reference” (ref) terminal.
The TL431 has its own tcmperature-
compensated “bandgap” reference which is
highly stablc and contributes to the great
accuracy of the component - imporlant
in a thermostat application where the
reference voltage should not drift unduly
with temperature,

The TL451 reference voltage is 2-5V
which appears between the znodc and
reference pins as shown. A potential div-
ider consisting of resistors R1 and R2 is
used Lo determine the output voltage of the
device, It's preferable to allow a ImA
current fo flow through the potential div-
ider and the designer allowed a further
SmA forward current to flow through the
TL43] itself.

The lormula is:

X7 R1
"":V“’"[H_Iiz]

fo generate a OV “Zener” output
voltage, a little equation solving produced
values of 4k7 and 3k3 for RI and R2

respectively,  Happily, these values are
rcadily available in the E12 serics thus no
special precision resisturs arc neaded.

A series current limiting resistor Rs is
also needed which is calenlated in the sume
way as (that for an ordinary Zener diode, If
we assume a supply rail of 12V dwe., and a
Zener output of 6V, then with a total of
6mA (ImA + 3SmA) flowing throuph the
series resistor, a 1k value is fine,

DYNAMIC
RESISTANCE

This reference circuit has several key ad-
vantages aver an ordinary Zener diode.
Apart from the fact that the output volrage
can be controlled precisely with external
resistors, it has a much greater temperuture
stability (typically 50 parts per million per
degree (C) and also has a much lower in-
ternal resistance.

The “dynamic’ resistance of a standard
Zener diode could be some 40 ohms or
more, which produces an unwanted crror
voltage when the Zener currcnt increases
(the resistance causing an undesirable “in-
lernal™ voltage drop within the Zener
diode). Even the dynamic or “slope” resis-
tance of a IN821 tempcrature compen-
sated Zener is 15 ohms, for instance. The
dynamic resistance of the TL431 is only 0-2
ohms, so the reference output is largcly
independent of the current flowing through
the component.

The result is a highly stable reference
voltage which is used to clamp the invert-
ing input of the op.amp IC3 al 6V, Hence,
whenever the voltage al pin 3 is greater
than 6V, the op.amp ouiput switches high.
This turns on the transistor switch TR
and completes the circuit to the power relay
RLA, also the Le.d. D7 will illuminate
whenever the relay is switched on. Diode
DG, as usual, guards apainst hack e.nf
from the coil when the relay switches oul,
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HYSTERESIS

A potential drawbaclk with this arrange-
ment is that it-is very sensitive, and the
op.amp will amplify the tiniest difference
between its two inputs and switch the out-
put high or low. With an input signal which
is relatively slow-moving, there are oftcn
occasions when the dircuit may seem 1o
“litter” just on the switching point. This
can be verv undesirable when switching
mains loads, and can be overcome by con-
verting the circuit into a clean “snap ac-
tion" Schmitt trigger.

To do this, a feedback arrangement is
introduced with VR2 and R6. This ellec-
tively causcs the switching point to have
two lavels — a higher and a lower set point
with a small difference in between called
the ““hysteresis.”

Now the circuit is no longer able to “jil-
ter” at the set point: instead. the tempera-
ture must reach a particular level to switch
the heater off, and then it must fall to a
lesser temperature before the heater cun
switch on again, By making this hysteresis
variable, it’s possible to adjust the operat-
ing characteristics of the thermostat so that
you can compensate for any temperature
overshaots. This feature could be left out if
desired, see later.

Turping to the power supply section,
mains voltage is stepped down by lrans-
former Tl to 12V ac  which is then
rectified and smoothed by bridge rectitier
DI1-D4 and capacitor Cl, Lo produce ap-
proximately 17V dec. This 13 fed w a
standard three terminal 12V 100mA fixed
volage regulator IC1 and forms the power
rail for the electronics. An le.d. D3 placed
before the reculator, lights as a “Power
On' indicator.

RELAY

The specified relay has un important
constructional feature in that it is very
heavy duty (ruted up to 30A) but is cx-
tremely sconomical, and most importantly
although it is p.c.b. mounted it has push-on
tertninals for direct access to the contacts.
A snubber network RC1 was also used
to protect aguinst contact arcing, which
wonld be more evident when inductive
loads such as fan heaters are switched.

The single-pole contacts of the relay
awitch Lhe Live mains fead which is then
passed to SK1, a standard 13A mains
socket. Finally, a 13A fuse FS1 pratects
against faults in the load und FS2 is a low
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Layout of components on the compleled printed cireuit hoard.

Close-up of the power relay showing
the pushr-on “spade” terminals acces-
sible from the lop.

current gquick blow fuse to protect agaimst
transformer faults etc. No mains on/off
switch was included but guidance notas are
given at the end should you wish to [it one,

CONSTRUCTION

This project contains u mixture of both
mains a.c. and low d.c. voltages, The unit
was designed to ensure that construction was
kept as simplc and as safe as possible. If you
are an inexperienced constructor then you
mnst follow the details closely or seck help
from a gualified persan.

Do not substitute components boi use
those recommended in the Components List
and you should have no dilliculty in produc-
ing a safe and trouble free project. The nse
of an ELCR/RCTY is strongly recommended
during the imitial testing and calibration
stages.

In order to simplify construction, the
circuil was constructed on a single-sided
printed circuit board (pe.b). The board
measures 160mm = 100mm and is available
from the EPE PCE Service, code 931, or it
can be home-made using the p.e.b. [oil
paltern as a guide in the usual manner.

‘The p.e.b. carries all of the electronic
components apart {rom the panel mount-
ing parts. Tig. 3 shows the details of the
component layout on the board and lhe
full size copper foil master. There are four
3mm clearance holes on the pc.h. fo ac-
commodate the fully insulaled mounting

" COMPONENTS

Resistors §ee/ ¢
R1 1K Sele R
R2,R7 4K7 (2 off) SHOP
R3 33 TALK
4 ®
R5 3k9 g
R6 47k
R8 1k2
R9 bead thermistor, 4k7 at 26°C

All 0-25WY 5% carbon film, except R

Potentiometers
VR1 10k rolary carhon, lin. 0-4V¢
VR2 47k rotary carbon, lin. 0-4\V

Capacitors
c1 1000w axial elect. 25V
c2 100n polyester
Cc3 10n polyester
c4 10u radial elect. 168Y
Semiconductors
D1-D4  WO00G 50V PIV 1A bridge
rectifier
D5 3mm red l.e.d.
D6 14148 signal diode
D7 3mmgreen Led.
TR1 ZTX300 npn transistor
IC1 LM78L12ACZ, 12V 100mA
regulator
IC2 TL431 adjustable shunt
requlatar

1G3 CAZ140E CMOS op.amp

Miscellaneous
T QV-6Y, OV 6Y 3VA p.c.b.
mounting mains
transfarmer

SK1 panal mounting 13A mains
socket

SK2 3-Bmm jack socket

PL1 3-bmm jack plug

RLA 166 ohm 12V 30A mains
single-pole p.c.brelay

RC1 mains contact supprassor

FS1 13A mains fuse

FS2 250mA 20mm fuse with
p.c.b. holder

Printed circuil board, 100mm2160mm,
available from the EPE PCB Service,
code 931: 8-pin d.il sacket; led.
mounting clips (2 off); plastic box with
aluminium panels 23Tmm x 18Tmm x
77mm; two-way p.c.b. screw terminal
(TB1); 3-way 13A mains scraw ter-
minal, with built-in 1%in. fuseholder
(TB2); 13A 3-core cable and mains
plug, materials and screened single core
cable for temperature sensor to suit, 6A
and 13A mains intercannecting wire;
0-25in. female crimp blades (2 off);
cable restraint; 1Qmm crimp ring ter-
minal; control knabs {2 off); fully
insulated p.c.b. M3 mounting hardware;
solder, hook-up wire etc.

Approx cost

guidance only
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MULTI-PURPOSE |/ ZROSTAT
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Fig. 3. Thermostat printed circurt board component layout and full size underside copper foil master paitern. Also
shown are the pinout datails for IC1, IC2 and transistor TR
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Front panel fayout and lettaring.

hardware. The erupty p.c.b. can be used as
a template to mark out the drilling cetitres
on the chosen case.

For convenience it is best to commence
asscmbly by fitting the smallest and fid-
dliest parts first, inishing with the heaviest
and largest componcnts. There is plenty
of space an the board, so starl by sol-
dering into place the three tinncd copper
link wires, then continua with the discretc
camponents.

An 8fpin d.il socket muy be used for
IC3, but do not fit the slulic-sensitive
op.amp into position yet. Continuc wilh

the power supply section, noting that the

polarities of the bridge rectifier D1-D4 and
the smoathing capacitor Cl ure absolutely
critical.

Also you must observe the polarity of the
semiconduclor devices carefully as thesc
are likely to be damaged if their cannec-
tions are reversed (it's one of the few ways
you can destray an overload-protected ic.
such us a resulator). Pinout conneetions
are shown scparalely [or the TLA5],12V
regulator and transistor, and must be fol-
lowed closely,

RELAY

As explained carlier, the relay RLA is an
interesting choice {see Components List)
because although it is a p.c.b. mounting
type, it has heavy duty contact terminals
accessible on lop, as well as via the p.e.b.
This means that it is not necessary for the
p.cb. to carry a full 13A Joad. instead the
load is routed to the relay dircetly through
heavy gauge connecting wire.

In fact, only the relay ceil is driven
through the p.c.b. foil patlern and separate
13A wire will be used for the loud counec-
tions which are taken straight off the relay
housing (see photos) via 0-28in. blades — a
very neat solution w an age-old prablem

heavy duly connections to the refay.
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Whilst the main contacts also have solder
pins, these are soldered to the board just to
make the mounting of the relay more
secure, and to conneel the snubber RCT.

Mains input fo the prinwed circuil board
is cffecled via a two-way screw terminal
block 'I'B1 but this vnly carries a moderate
current for the thermostat circuit. Tt does
not carry the heater load current. Fuse FS2
is a p.c.b. mounting typc which en the
prololype has a protective clip-on cover.

Next, quickly fit the op.amp 1C3 into its
d.i.l. socket, using Fig. 3 as a guide. and
taking any anti-static precautions neces-
sary: it's safest to discharge any stalic away
from your body through an Earthed point
prior to handling the chip.

Finish off by soldering the mains trans-
former inta place. It will only (it one way
round but ensure that it i3 flush against the
p.c.b. before soldering.

1laving fitted ull parts to the board,
check the soldering very carefully, looking
for signs of dry or incomplete joints, or
stray whiskers of solder shorting adjacent
copper pads. You may wish 1o fimsh
off by spraying the copper foil with a
coat of p.c.h. lacquer. Normally this can
be thirough-soldered when connecling the
flving leads.

HOUSING

These days, the cnclosure is often
amongst the most expensive of a project’s
componenls and it pays ro comparc sizes
and shop around; altecnatively vou might
consider saving moncy by producing a hox
yourself from suitable muterials. The
prololype was constructed in a plastic
housing which had attractive front and
rear aluminium panels coupled together
with pressed steel members. IL appeared fo
be the mest competitively priced box for
the required size.

The “snubber network” RCY mounted on the p.cb. and Inserting the 134 fuse into the fused mains terminal Block.

The dimensions are primarily determined
by the size of the mains socket which is
fitted to the rear punel, also the “foorprint™
of the box must accommodate the p.c.b.
together with a heavy duty 3-way lerminal
block (see photographs).

After some consideration the prototype
used a4 plustic case no. RIM 3503
measuring 231 % 181 % 77mm, sourced
from TlectroValue, This box was (only)
just high enough to carry the muins socket
us shown i the photographs.

Venlilalion slots are also formed into the
rear panel und plastic base though these are
superfiuous in ths design. ILalso had tilt feet
as a finishing tanch, Any other suiluble case
ol uppropriate dimensions could be used but
onc with melal panels will facilitate good
earthing, and aluminium is a more easy 1o
work than steel.

The base needs preparing to accepl the
p.c.b. mounting hardware it you haven't
already done so earlier. The front panel 8
punched to carry the (wo potentiomerers
and two light emitting diodes (le.d.sk a
[Omin or 3/8in Q-Max chassis punch will
make light work of the pot. mounting holes
whilst the Lead.s can be supported with
piastic lens-clips or similar, of appropriate

size. The prototype used 3mm leds in

transparent clips for an attractive finish.

Alter carrving out the metalwork, the
panel can be enhanced with rub-down let-
tering which is now widely available in the
High Street in many typefaces. If desired,
the two rotary controls can also be em-
bellished with rub-down “scales” such as
those provided by Alfac (their part no.
ECS07). These vastly simplily the accurate
warking out of the dials. Finally, spray on
several coats of protective lacquer belore
turning Lo the rear panal,

REAR PANEL

The panel at the back of the casc needs
punching lo accept the 13A mains socket
SK1 together with Lhe 3:53mm jack socket
SK?2 and the mains cable inlet. The actual
layout depends on the type of box used,
and due eare must be taken to ensure thut
when all purls are in place, nothing will
intertere with any other parts or cause an
obstriction which would prevent the box
from being closed together properly.

A Q-Max punch is the best way Lo
machine out the socket opening, however
at S0mm dizmeler for the specified socket
such a punch is a luxury. As an alternative,
you could drill a ring of holes just inside
the dizneter of the praposed cut-oul, und
join them together with an Abrafile or
similar, then file the edges with a half round
file until smooth
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Another approach would be to use u
surface mounting socket. this will cover
any cut-cuts in the pancl and perhaps
avoid some of the need for neat metalwork -
ing. The case dimensions may need review-
ing if a different socket is used. Use the
mains socket as a template or mark out the
two mounting haoles for the fixing screws.

The mains cable inlet on the prototype
consisted of & plastic cable pland capahle of
sripping the 8mm diameter 13A cable. This
cushions the cahle insulation and prevents
it from wearing on the aluminium chassis,
and also acts as o strain relief 1o ensure that
the cable cunnol be pulled our - an essen-
tial sufely feature.

The other normally-accepted method of
cahle retention is to ulilise 1 PVC grommet
of 10mm internul diamcter together with a
nylon “P” clip. A suitable hole is also drilled
in the rear panel to take the jack socket.

INTERWIRING

The final aspect of construction is the in-
terwiring, It is imperative that due attention
is paid to the curvent rating of certain wires;
those which may poteatially carvy a full load
MUST be rated at a full 13A.

The complele interwiring diagram for the
Multi-Purpose Thermostat is shown in
Fig. 4. The mains inlet was fed, on the
prototype, to a 16A 3-way (used screw
terminal block TB2. This obviated the need
for a separale fuscholder, and also the
terminul block mounting screw (supplied)
is automatically Farthed

This connection bleck is strongly recom- : ThehG CaE R
mended {see Components List) but an an e TEMPERATURE |
ordinary 13A  lerminal hlock with a e G : e
separate chassis mounting fussholder could S S ; j
Ef ﬁif?nlﬁ?liﬂiméf :,1::;[(];? 52: :; I;E ljt]]].:é]; Fig. 4. Interwiring between off-board compenents and itfe circuit board, Tha “thick”
leadss are rated at 134 mains, except the two lsads to TB1 which are rated at 64.

precaution againsl stray short circuits,
crimp-on ferrules were utilised to terminale:

polarity of the Le.d.s is us shown in panel is automatically carthed throuph the
Fig. 4. mains sockel mounting screws  which
Precaulions must be taken to elfectively connegt to the panel.)
ensurc that all the metalwork of the After connecting all flying leads in ac-
case is earthed soundly. A large size cordance with Fig. 4., the printed circuit
(10mm internal diameter) crimp ring board can be fitled lo the base of the
terminal was used on the prototype, housing. und it is essential that fully insu-
being placed under one of the lated hardware is used here. Typically,
_poicnuometer mounting bushes Lo p.v.c. spacers with short self tapping screws
form an electrical contact with the at each end can be utilised, Finally, fit a

el S A aliminium. (Note thut the rear plug fused at 13A 10 the mains inlet lead.
Rear panel showing the mains outlet : s : d
socket.

the stripped wires neatly prior (o inserting
inw the terminal blocks. Continue with the
interwiring as follows.

The p.c.b. maios inpul lo lhe two-way
block TB1 can be connected with 6A mains
wire. The heavy load-bearing cahbles carry
current between the mains inlet. via (he
relay to the mains socket, Use 13A rated
mains cable to interconnect the relay and
mains socket in accordance with Fig. 4.

The specified relay is equippad with
0-25in shrouded male blades whilst the
relay coil’s power is derived [rom the
p.c.h, Terminate Lhe relay connecting wires
with crimp automotive-tyne female connec-
wrs, preferably tully insulating them with
heat-shrink sleeve or expanding insulation
tubing (see close-up pholographs). It is
desirable to use the mains colour code for
the live (brown) and neutral (blue) wiring.

FRONT PANEL

The front panel components can be
hoaked up wvia flying leads with stan-
dard multi-stranded interconnecting wire,
using several different colours to simplify
the checking process later on. The
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PROBE

Choose which type of probe you require
— 1U's possible o adupl the probe design
for measuring free air tecmperature or for
immersing in liguids. The prototype of a
simple air temperature probe is shown in
Fiz 5a.

A cheap bead thermistor was soldered
lo a piece of tag stnp which  was
mounted in a small plastic box mecasuring
T0mm x 49mm = 25mm. This has a pattern
of large holes drilled into the front (finished
off with a counfersinking bil) Lo allow the
thermistor to monitor ambient air: connec-
tion ta the main unit was performed with 2
screened lead one metre long, terminated in
a 35mm plug, bul o much Jonger
connceting lead could be used in practice.

A sugpestion for a liguid probe 18 given
in Fig. 5b. This time a small glass phial
mav be used, such as an afiershave or per-
fume sampler. Leads could be soldered di-
rectly to the thermistor, ensuring they arc
fully insulated with sleeving,

After positioning the bead in the bottom
of the phial, embed it with potting
compound or siliconc rubber scalant, or
leave the container unfilled and simply
ensure that the cable exit is completely
waterproof. Note that some potting com-
pounds contain hazardous components
{cyanide, actually) and the instructions
must he followed very caretully.

TESTING

Prior to switching on, ¢heek through all
interwiring carefully to ensure it conforms
with the diagrams. Plug the remperature
probe into the thermostat and set the
polentivmelers Lo mid-way.

Probably the best way o procced after
construction ig 10 bench test the unit with a
d.c. bench power supply. If available. clip
a 13V 1w 17V dw. (approximately) sup-
plv across the smoothing capacitor, obscrv-
ing polarity. There i1s no need to plug any
heater load into the mains outlet,

Correct operation can be confirmed with
a4 couple of quick voltmeter readings,
measured with reference 1o 0V: the |12V
repulatar output was + 1209V and the
reference voltage at 1C3 pin 2 was + 5-98V,
as noted on the prototype. Check that
rotating the polentiomeler(s) causes (he
relay to switch in-and out.

Warming the thermistor with a hairdryer
should encourape the relay to switch out.
Freezer aerosol will help cool it, if available
{though the one the author used ruined the
plastic finish of the protatype sensart),

Before proceeding further, close up the
case Lo avoid accidenlal eleciric shock and
plug the unit mto thc mains, using an
ELCB/RCD (Powerbreaker) tf” available.
Upon powering up at the mains, the power

RS

BEAD
THERMISTOR

(=)

TW = Way
TaG STRIP

ONE METHE IR MORE

’GLASS PHIAL OF SIMILAR

SINGLE — DCRE SCIEENED CABLE

(1)

i
INSULATE
LEAD aUTS

WATZRPRIOF SEALANT aRCUKD
CABLE ENTRY

Fig. 8. (a) Ambient tamperaiiire sansor for mounting in a small box, with ventilation
holes and (B) suggestion for an immersible probe for ligureds.

Led. DS will illuminate. and then the relay
should be heard to click on and off when
the Temperature control is rotated. This
indicates that the unit is ready for use. Asa
final check. plng in a suitable load which
will operate when the relay is on.

CALIBRATION

Depending on how crineal your applica-
tion is, it may not he necessary to calibrate
the temperature control knob. For the
simple control of domestic electric heaters,
for cxamplc, it may be perfeetly acceptable
to simply mark the dial 1 to 10 and then set
the control from experience, If you da need
to calibrate the control knob then it is
necessary to refer the thermistor apainst a
known temperature.

If the immersible probe is used, then pos-
sibly iosert it ioto a bowl of iced water
zlong with a thermometer and then com-
pare the temperature readings against the
control knob settings,

Rotate the control untl the relay clicks
oll: read ofl the thenmometer and calibrate
the dial accordingly. Hepeat this at a
variety of temperatures. The Hysieresis
comtrol is best disconnected far this initial
setting up, by temporarily unsoldering a
llying lead on VR2.

If vou have asscmbled the thermistor
10 measure air temperature, das per the
protolype, lhen iU's possible to simulale
various temperaturcs using 4 cool box filled
with ice packs, with the probe inside and a
thermometer alangside it T.er the tempera-
ture drop down to near freezing point
and Llhen remove the ice box lid  allow

Suggested construction for the “arr tormperature” probes.
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the temperature to climb . eradually and
calibrate the setting of the control knob
when the relay clicks, aguinst the readings
of the thermometer.

Again it is best to unhook the hysteresis
control during setting up. to avoid any
misleading errors. A digital thermometer
was uscd against the prototype and the
aeneral range of the design was shown to
ke approximatelv +2 to +30 degrees
Celsius. The Multi-Purpose Thermostat is
then vomplete and ready for use.

FURTHERNOTES

When setting up the Thermostat in its
miended  application, il is worlh  ex-
perimenting with the thermistor position to
obtain the best overall effect. Obviously hot
air rises and 1l the Mulli-Purpose Thermo-
stat 13 being uscd to sensc room tempera-
tures, then i’ the thermistor is placed too
low down it may be “fooled™ by the lower
lemnperatures — or il it is o high or too
close lo the heater the thermosiul may
switch off prematurcly. Somc iniual trial
and error may be needed to obtain the hest
results, and the Hysteresis control may
telp Lo compensate as explained earlier.

Although the prolotype design did not
include a mains on/off switch, one can
easily he incorporated into the reader’s
vwn version if desired. A double-pole
rocker or toggle switch, capable of carrying
the 'ULL mains load current, can be
inserted into the circuit by connecting the
mains Live and Neutral mains inputs to the
poles of the swilch, and then connecl the
wipers of the switch to thc mains inlct
terminal block.

Mirthermore. 2 “bypass switch™ can
easily be incorporated bv adding a single-
pole mains rated switch in parallel with the
rclay contacts, then the heater can be
forced to operate tull-time independently
of the thermostatic control.

If vou wish to omit the Hysteresis control
VR2, it is stll best Lo include 4 depree or
two of feedback in the op.amp circuir to
avoid jitter. Change resistor R6 for a value
of roughly 220 kilolhuns and then link the
two adjacent tuke=oll points for VR2 (o-
gether on the p.c.b. with a jumper wire. In
eftect, this shorts out VR2 and places a 220
kilohm resistor in the feedback loop.

You will find that the Multi-Purpose
Thermostat cun be readily adapted (or
many temperature control applications. |
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