Constructional Project

POND HEATER
THERMOSTAT

A. R. WINSTANLEY --

An essential winter accessory
for pond fish enthusiasts.
Ensures that fish will not suffer
if the pond ices over.

pond fish will know of the dangers

which exist during wintertime, when
low temperatures can give rise to ice
formarien on the fishpond., During sum-
mer, the oxygenating plants in the water
provide a plentiful supply (hopefully) of
oxvgen which enables the fish 1o brealhe,

In severe winlers, no such oxygen is
produced and so the pond’s inhahitants
rely on air entering the water from the
surface. Tf' the pond then freezes over,
firstly the air supply to the fish is reduced
if not cut ofl altogether, and secondly,
loxic gascs from decomposing marerial in
the water can build vp in the pond and
poison fish.

Several tricks are employed by fish-
keepers during icy weather to help the fish
to breathe and gases to escape. A floating
electric heating element is popularly used,
the idea being that the warmlh gencrated
by the heater provides some local heating
and keeps a small surrounding area - say
12 1o 18 inches diameter  of water [ree
from ice. The objeet is not Lo heat up the
waler lo any extent but merely provide an
air-hole in the ice.

FIT AND FORGET

Forgelling to switch the unit on during
icy weather could result in thick ice forma-
ton with possible distress being caused to
fish. and the build up of toxins and the lack
of air can evenlually be fatal to the pond’s
inhabitants, Conversely, leaving the heater

THOSE readers who keep coldwater

continually switched on is wasteful and can
only shorten the life of the heater.

Fish enthusiasts who own uny expensive
breeds such as Koi Carp will not wish to
take any risks and even if yon simply keep
cheap and cheerful goldGsh, you will ccr-
tainly wanl lo take precautions to protect
them during harsh weather conditions, The
Pond IMeater Thermostat was designed as a
“fit and forget” outdoor controller which
monitors the ainbienl air temperaturcs and
switches on the floating pond heater if the
air temperature drops ta near zero degrees
Celsius.

The prototype unit has been of greut
success when used at the author’s fish
pond, and it reliably powers a nearby
floating electric heater when the air tem-
perature is just above freezing or colder. By
using the Pond Heuter Thermostat, it is no
longer neccessary to remember to wartch
weather forecasts and turn on the heater if
trost arice is looming.

Iu facl, the prototype has been operating
very cfficiently under very harsh weather
conditions when temperatures have been
measured as low as -8 degrees Celsius.

FISH AND CHIPS

Aguarists will know that the most com-
mon method of maintaining temperatures
in a tropical fishtank is to use a bi-metallic
strip thermostat immersed in the water.
These are notoriously temperamental to set
up at the desired switching peint and their
crude method of operation can be unreli-

Examples

+5 dagrees C=278 degrees K
— 2 degrees C=271 degrees K

Table 1: Kelvin Temperaturae Scale

The Celsius Scale of temperatura measurement has an identical temperature inter-
val to that of the Kelvin Scale. In order to convert fram Kaivin to Celsius, it is neces
sary 1o “re-align” the two scales hy a factor of 273 thus:

Freezing Poini= 0 Deyrees Celsius =273 Degrees Kelvin

Steam (Baoiling) point= 100 Degrees Celsius= 373 Degrees Kelvin
Therefore, Degrees K= Degrees C + 273

and, Degrees C=Degrees K — 273

+ 20 degrees Celcius =293 degress Kelvin
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able. Additionally they are generally un-
calibrated.

The problem of detecting near-zero
temperatures as required in our outdoor
pond application is solved by employing a
solid-state temperature sensing integrated
circuit. In fact several types of device are
available in this category. and ovme of
the cheapest types, the well-cstablished
LM391IN is used in this desipn. A
simplificd block diagram of this device
appears in Fig. 1.

HOWIT WORKS

The LM3911M is a highly accurate tem-
perature measuring chip which is usable
between  25° to +85° Celsius. The device
comnes in an 8-pin d.i.l. package which con-
tains a temperature sensor, supply valtage
reference and a comparator.
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Fig. 1. Simplified structure of the
L3817 ternperature sensor chip.

Its circuit utilises a pair of transistars
operating at differing currents as the tem-
perature sensor, and since the basc-cmit-
ter vollages of the transistors vary by a
tiny amount with temperature, the dif-
ference in the hase-emitter voltages can be
utilised to generate a temperature-depend-
ent potential difference. The resull is that
the sensor is very stable and highly ac-
curate.

From the block diagram, it can be seen
that the temperature sensor cutlpul is equal
to 10mV/ degree Kelvin — directly equiv-
alent ta 10mV/ degree Celsius. (A brief ex-
planation of the Kelvin scale of temperz-
ture measurement is given Table 1.) 1t can
be scen that the temperature sensor is di-
rectly connected to the non-inverting (+)
input of an operational amplifier,

REFERENCE
VOLTAGE

Also on board the chip is a stable voltage
reference working in a manner similar to a
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Zener diode. This reference voltage is used
by the temperature sensor, and requires
an external voliuge-dropping resistor to be
conneclted to pin 4 of the ic. with the
Zener forward current preferably kepl (o a
minimum (ImA or less is recommended),
in order that the sell-heuling cffects of the
i.c. are minimised — this helps to improve
accuracy.

The reference voltape is typically 685V,
and given that the potential at Lhe sensor
output varies by 10mV/dcgree Celsins as
shown in the diagram, it means that the
vollage at the non-inverting input (call it

The temperature control is sct by the user
so that the voltage at the inverting input of
the comparator (pin 3) equals the voltage
from the temperatura sensor which will cx-
ist at the non-inverting inpul when the i.c.
is at the desired swilching temperature.

For example carlier we saw how, at a
teruperaturc of 25°C, the voltage (Vtemp)
al the non-inverting input was 3:87V, By
sctting the preset contral VR1 Lo this voli-
age also, the comparator will then be at the
thermostul switching point of +25°C.

As the ambient temperature rises above
this set point, the voltage at (he non-

The only point lo note is that it is neces-
sary 1o sel the external control quite ac-
curately because an error of only 01V at
pin 3 is equivalent to a temperature spread
of 10°C.

CIRCUIT
DESCRIBTION

The full cirenit diagram for the Pond
Heater Thermostat is given in Fig. 2 and,
as can be seen, 1s very simple.

The LM3Y1IN, IC1, behaves as an
on-off thermostatic controller, The circuit

Fig. 2. Complete circult diagram for the Pond Healer Thermostat

Viemp) of the op.amp with respect Lo 0V is
equivalent ta;

(6:85-10mV /degree Kelvin) Volts.

For cxample, at an ambient temperature
of 1 25"C., this equates to a temperature of
298 degrees Kelvin. The sensor output volt-
age at 10mV/ degrec K is thus 2:98V as
ieasured between the sensor output and
thc +6-85V reference rail. This is indeed
confirmed in the manufacturer’s data.

Using the above [ormula, Viemp there-
fore typically equals 3-87V (6-85 — 2:98V)
ul 4 temperature of + 235 degrees Celsius.

At a temperature of, say, + 83 degrees,
Vtemp typically equals 3-27V.

It can be seen therefore that, with respect
lo the OV rail, the voltage at the op.amp
non-inverting (+) input decreascs as the
ic, temperature increases,

FEEDBACK

No mention has vet been made of the
“feedback™ input (pin 3) to the ap.amp,
which is actually the inverting input (). By
normal compuarator action, when the non-
inverting input has a higher voltage than
the inverting input, then the output of the
op-amp (pin 2) is figh, and vice versa.

Looking at how this device can be used
as a thermostat, in our application we
want a simple on-oll controller which can
operate al a switching point of just above
[reezing — say + 1°C.

Given that the non-inverting input is di-
rectly connected to the emperaturs sensor
(and is not accessible), in order to act as
a simple thermostat, an external reference
vollage is set at the feedback input terminul
by using a potential divider strapped across
the 6-R5V reference, (VR in Fig. 2).

Vtemp
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inverting input of the comparator will
decrease at a rale of 10mY, degree
Celsius. Pin 2 will therefore be low
becausc the non-inverting input voltage is
less than the inverting vollage.

Conversely when (he ambient tempera-
ture falls, the non-inverting input voltage
will risc until it exceeds the sel point,
as determined by VRI1. Then the com-
paratar output pin 2 will go high. Thus a
simple on-ofl' lemperature controller can
very easily be formed, using a simple
petential divider to act as the lemperature
control point.

is mainy powered, and uses a 12V step-
down transformer Tl coupled with a
standard tull-wave bridge rectificr circuit
(D31 to D4 and smoothing capacitor C1)
to produce a d.c, supply rail of approxi-
maltely 16V to 18V. The led. DS is a
power-on indicator.

The 18V rail is too high of course for
direct operation of IC1 and so R2 is a series
dropping resistor which limits the current
Lo just ImA for the internal reference volt-
age. The voltage at pin 4 is therefore abour
6-8Y (and this cun bc measured with a
voltmeter).




Preset control VRI is a 50kilohm 25-
lurn cermet trimmer, the wiper of which is
connected directly to pin 3 (comparator
teedback input) and is used to adjust the
thermostat switching point. Capacitor C3
removes any noise and improves stability,

The output of the ic. drives a simple
transistor switch TR which is used to con-
trol a mains-rated relav RLA Diode D6
remoaves back em.f when the relay de-
energises, in order Lo protect the transistor
and chip.

reset VR1 is adjusted to the desired set
point, which in tlus application should be
0o more lhan +1°C — cquivalent to set-
ting a voltage at pin 3 of about 4-11V
or sa (hut this setting depends on the ac-
tual Zener reference voltage of readers’ in-
dividual units — see later).

When the i.c. temperature exceeds +1°C,
therefore, the voltage present at the com-
parator non-inverting inpul is fless than
411V and so the comparator output is low,
ncar OV, The transistor switch is off.

When the ambient temperature drops,
the non-inverting (+) input of the com-
parator is sent more posilive, towards the
internal 6-85V referencs, until the set point
voltage of 411V is exceeded, when pin 2
zoes high, switching on the transistor,

This then completes the circuit to relay
RLA which opcrates and closes the nar-
mallv-open mains-rated contacts RLAI,

These dircetly switch on the mains (1)
supply to the floating heating element
which is connected via terminal block TB2.
The lLed. D7 also illuminates to indicate
that the heater has switched on.

Resistor R3 is required in order to shunt
an internal resistor which is present at the
comparator output, and enables more base
drive current to flow into the transistor TR,

The thermostat will cyele quite happily
like this, turning the heater on and off
according to the ambienl temperaturcs
detected by (he integrated circuit.

SOAK TINVIE

One further practical aspect to take inlo
account is the [act that the “dic” or chip
within the i.c. is, of course, embedded in the
plastic resin of the dual-in-line package. This
can slow down the reaction of the i.c. slightly
because it takes tme for the ambient tem-
peradture to soak through to the silicon chip
itself — especially when the device is mounted
flush on a printed circuit board and the
changes in temiperature are slight.

In practice this can be adjusted out by
trial and error, rrimming VRI1 accordingly
to advance the point at which IC1 would
trigger: This compensates for any tempera-
ture lag, It 1s also necessary to use a multi-
turn preset for YR1 because the i.¢ is very
sensitive, and a 25-turn preset makes set-
ting up much easier.

The prototvpe was quickly sel up and
was adjusied once only, and has been in
suceessiul operation for many months. Tt
starts to power the heater an and off when
the temperature is just above freezing, and
the hearer is hard on at sub-zero levels.

CONSTRUCTION

{mportant Safety Notice: Constructing
this unit involves making MAINS conuec-
tions. Any reader who is not certain of being
able to build it safely is strongly advised ta
seek professional advice. If necessary, a
qualified electrician should carry out the
fixed installation work.

The Pond Heater Thermostat is designed
for outdoor use in harsh weather and the
circuit itself’ is constructed on a single-
sided glass-fibre printed circuit board size
130mm x 70mm, This is available from the
EPE PCE Service code 856.

The printed circuit board (p.c.b.) top-
side component lavout and full size under-
side copper [oll master pattern is shown in
Fig. 3, If you are tempted to produce vour
own n.c.h., make sure you keep to the
published design ie. large “ambient sink™
plune and large tracks for mains voltages.
All connections 1o IC] (pins 1 to 4) are on
one side of the d.i.l. package, but pins 5 to
8 are electrically isclated from the in-
tegrated circuit. In order that the i.c. can
monitor the ambicnt temperature more
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Fig. 3. Printed circuit board component layout and underside copper forl masier paitern (full size). Note the large area of
copper which act as a heatsink (cold) forthe i.c.
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Resistors
R1 1k8 gﬁ?ﬁ, 5
R2 12k SHCP
R3 5Bk
£ e TALK
AllQ:26W 5% carbon film Page
Potentiometer
VA1 50k 25-turn cermel preset
Capacitors
C1 1000u radial elect. 25Y
c2 100n polyester
c3 0p1 tantalum bead, 35V
AT Samiconductors
: o o : e D1 ta D4 WO0O05 50V 1A bridge rect.
the power-on and heating le.d.s

Fig. 4. Wiring from the circuit board to o D7 2"(“2'1 L;lfa_t_ ;%z 1':,;?)'

etfectively. a large arca of copper foil acty should solder the i.c. dircetly to the board ?31 51'3)?31308 ﬁf,?f,;ﬂ;ﬁg%r
as a simple heatsink. monitoring the sur- as shown withoul using a sncket. Ic1 LM3911N temperature
rounding heat level. and this is zoldered Follow on with the relay, mains lerminal Sensori.c.
directly to pins 5 to § of the chip. This helps blocks and finally the mains transformer,
the surrounding heat (or cold) to soak An insulated cover fuseholder is recom- Miscellaneous
through to the i.c. die. mended for FS1. RLA 12V 3300hm coil flatpack

In fact Narional Semiconductor suggest The lid of the plastic box needs to he relay, with s.p.c.0. cantact
that a dil heatsink is bonded to the drilled to take the lwo light-emitting rated at BA 260V ac.
package to improve thermal transfer even  diodes, and here 2mm diameter “flat-top” T 3VA p.c.b. mounting mains
more, bul the author could not suceessfully  types were used on the pratotype. Two gsng{?rmer. “;'tr.‘ OV-6Y,
locale 4 suitable type. 2mm diameter holes were drilled in the lid FSi 20m;u = 2"’8%283";?;(1

This printed circuit board has been spe- and the Le.d.s are a tight, walerproof push fuseholder, with 24
cially designed to il & weatherproof and fit giving a very neat ellect, quick-blow fuse
frostproof plastic box, RS type 507-933, They are connected to the hoard with TB1, 3-way p.c.b, maunting
which measures 160mm x 80mim x 55mm. flying leads, and it must be ensured that TB2 sarew terminal block,
It is rated down to - 20°C and so should the lead-outs will not touch or interfere mains rated (2 off)
be quite shatterproof ul sub-zero tempera- with the peb. once the lid is screwed Weatherproof ABS box, size 160mm x
tures. The box incorporates peb. mounl-  down. Other types of Le.d. can be used 80mm x 55mm; cable-sealing glands (2
ing bushes which are utilised to carry the  but it may be necessary to seal them with off): 6A 3-core mains cable, length as
p.c.b. shown, using M3 screws. silicone sealant to prevenl water seeping requnrr]ed,dconnectlfng W"gf M3 x ‘]Omrg

All parts including the mains-voltage . g?{;fsgladexggws SERED, mauRLnE
section are p.c.b, mounted for maximum It is also necessury to drill the box o Fimted Gircuithoard available fram the
reliability. Other parts may not fit Lthe p.c.b. Accept a mans cable input, 6A three-core EPE PCB Service. tode 856,
s0 check before purchasing. cable is suitable and this MUST be fitted

Construction starts by fitting the smaller, through the hox using a plastic cable gland
lighter componenls o the board in accord- with sealing washer to make the cable entry Approx cost
ance with Fig. 3. Observe carefully the waterproof. Similarly a cable exit is needed guidance only £ 3 0
polarity of the bridge rectifier, clectrolytic for the heating element, which will prob- ;
eapacitors and transistor, Note that vou ably also use 6A three-core cable. Again excl deater

Interior of the completed thermostat sho wing fayout of components imside the waterproof case.
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a weatherproof cable gland MUST be
employed.

I'he mains flying leads are connected to
the appropriate screw terminal blocks
taking great care to ensure that stray
strands of wire do not short adjacent
terminals. It is essemial lhat Lhe earth
continuity is maintained, so that the metal
case of the heating element is properly
connected 1o the mains Earth (E} input.

TESTING AND
CALIBRATION

Afller construction is complete, the best
way to test the unil is Lo power it up using a
d.c. bench power supply rather than con-
neeting it ta the mains. Clip an 18V dw.
supply across the positive and negative
leads of the bridge rectifier.

By rotating VR1 with 4 trinmuning tool
it should he possible 10 make the relay
{and le.d. D5) turn on and off. This con-
tirms that the comparator and tempera-
ture sensor are warking. ‘Then wim VR so
that the thermostat will switch ar +1°C.
It is possible to calibrate this point to a
certain extenl by tuking a few test read-
ings, preferably with 4 DMM (digilal mul-
timeter)

t is best to adjust your setting 1o take
account of the tolerance of the Zener
reference voltape because yours muay nol be
precisely 6-85V, so you can get a good idea
of the setting required at VR1 wiper for
vour unit by using lhis simple formula,
which is based on the voltage divider elTect
present at the comparator non-inverting
input:

Viemp=Vz-2-74V
where Viemp is the voltage at pin 3 (the
switching voltage for +1°C operation) —
you will trim this with VRI. and

Vz is the reference voltage of your unil
{measured at pin 4 (+) and pin 1 (0V) -
this should be between 6-55V and 7-23V).

NI 2-74Y represents the tcmperalure
sensor output voltage at a temperature of
+1°C (i.e. 10mV per degree Kelvin).

Mecasure the reference vollage of vour ic.
then calculate the setting you necd for your

own unit and trim this with VR, mounitor-
ing the potential at pin 3 of IC1, For cx-
ample, if you measure a reterence voltage
of 25V at pin 4, you will need 10 trim
VRI s0 that pin 3 measures roughly 351V,
A reference voltage of 6-85V for instance
would require VR to be trimmed to 4- 11V,

Using this simple methed you will be
able (o casily sel up your unit on the bench
so that it will start to switch just above
freezing point.

Even using a high impedance MM 1t
was found that the meter loaded the circuit
slightly, and in view ol the high seositivity
of the LM3911, the simple calibration pro-
cedure will enable vou to position VRI
at approximately the correct setting. How-
ever, you will still probably need (o make
one or two trial and error fine adjustments
in sifir to finalise the setting up.

Il no lest equipment is available, then
you will have to adjust VRI by Lrial and
error. If you use the “trial and error”
method, take great care to keep clear of
mains components, und (o keep waler out
of the hox when the lid is removed.

You could for instance, test your unit by
using a cool box filled with ice packs to
simulate neur-reezing conditions. A mer-
cury thermometer will be ol help also,

INSTALLATION

If vou are sausfied that the devies
operates correctly, the Pond Healer
Thermostat can be installed outdoors
perhaps by securing the box to a wall or a
ncarby fxture, It will be seen that the
wall-mounting holes in the weatherprool
box are outside the sealed compartment,
and il 1s therefore not necessary to seal the
box mounting scroews, However, ensure
that the hd is securcd cvenly bul do not
avertighten the screws as the hushes may be
damaged.

It 15 recommended to connect the mains
power to your Pond Healer Thermo-
stat through an Harth Leakage Cir-
cuit Breaker/Residual Current Device
(ELCB/RCD) for maximum proleciion,

Tt is important to remember that floating
heater elements must nat he powered unless
they are in water — do not operate them
unless they are submerged or they could be

seriously damaged. Floating them in a nine
litre (Lwo-gallon) bucket of water will be
guite adcguate if you power up the unit
indoors.

The siting of the Thermostat 13 quile
important, und you need to bear in mind
any likely windehill or sunlight which
mught alfect the operation slightly. It is best
tor locate the unit in a sheltered spot s near
to the pond as possible. It will be simple to
compensale for any local conditions by
adjusting the Sct Point presel VRI as
NECESSATY.

In normal operation you will hear the
relay switch on and off (with Led. D7
turning on and off) as thc thermostal
responds to changing temperatures. A
slight relay “chatter” mav be evident at
times but this is normal and there is no
need to be concerned.

Larger pools may use several heaters and
it should be possible to connect up to two
extra heaters from the same circuit as the
unit could comfartably handle up to 500
Watts. Each cable exit from the bax MUST
employ da sealing gland.

LOW VOLTAGE
HEATERS

Presumably on the grounds of improved
safety, it is now possible to usc a low
voltage heating element which is powered
from the mains via a heavy duty (typically
SUVA) step-down translornmner, which itself
is situated under cover. It should be
perfectly feasible 10 use these low volt-
age systerms also with the Pond Heater
Thermostal, by connecling the mains
(primary) of the transformer in place of the
mains heating element, at TR2

A low voltage beater has not been tested
with the prototype shown, and the only
potential problem may be noisc or spikes
generated by the step-down transformer
when RLAL switches it off. It might be a
good ideu to carelully wire a 240V varistor
(mains transient suppressor) across lhe
Live and Meutral connections at TB2. ie.
in parallel with the transformer unit. It is
still important to protect yourself from the
mains-voltage side of the circuit by using
an ELCB/ RCD trip. LI
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