Constructional Project

POWER
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Builda 13A cost-cutting controller for immersion
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heaters, electric fire elements and large heaters. Zero
crossing ensures freedom fromntf.in terference.

AVE vou pol an electric fire blaz-
Hing away, racking up a laree fuel

bill? The Chancellor of (he Exche-
quer will be delighted! Tor the benefit of
our many oversens readers, Her Majesty’s
Government has now laken a shine to our
fuel bills, so much so thal it has added
value Added Tax to them, much o the
chagrin of vour scribe. Hence any device
which helps to cut those electricity hills will
be welcomed, hy everyone apart from the
Chancellor that is!

Power conlrol techniques can be used in
certain circumstances lo adjust the power
copsumption of particulur electrical ap-
plianccs. An ordinary lamp ‘“dimmer
switch” uses the phase cantrol system to
interrupt the mains sine wave, thereby
dimming and reducing the power con-
sumption of the lamp.

In 2 similar way, a basic two-speed
electric drill might use a rectifier to chop
onc hull of the sinewave. (o reduce the
speed of the drill. Even vacuum cleaners
accasionally have an in-built power con-
troller, 1o offer some marginal “hoost”
when the going gets tough, or to cut the
specd when needed.

A typical phase control device will be

described in a [ulure
constructional — ar-
ticle. Amongst other
things, such designs

are suitable for Type:
electric fires with or

withoul coal effects Featuras:
(not fan  heaters)

and their main ideal for:

advantage is that
they ure straight-
forward in opera-
tion and construc-
lion; however such
circuils are notorious
for peneraling rfi
{Radio Trequency
Interference) on an
unacceplable  scale

Specification ...

Not suitable for:

Burst Firing
Zero crossing: Interference free

Resistive healing clements
0-5-3kW (e.y. Electric Bar Fires;
Immersion Heatcr Elements;
Oil-filled Electric Radiators;
Conveclor Heaters, Electric [rons)

Coal-cffect Electric Fires, Fan
Heaters, Motors, Lighting, Low
Loads (e.g. Soldering Irons).

unless sultable sup-
pression is incorporuted, which can add
considerably to the construction cost.

BURST FIRING

There is, however, another method of
controlling power with a technique which is
herently interference-free. The system of
hurst firing is often used to control lurge:
heating elemcnts such as thoss found in

Fig. 1. Zaro crossing burst firing power control (3) fow (b) medium (c) full power

870

kilng, ovens or cerlain types of machinery.
Instead of modifving or chopping the
mains sine wave. the burst firing technique
sends a train of sine waves to the load, at
regular intervals, Fig. 1{a) shows how shorl
bursts of sine waves are transmitted to
loud which operates at a low power level.
By increasing the lenzth of the bursts, the
power delivered Lo the load is increased.

In the casc of u simple resistive heating
clement. it is teasible Lo deliver such bursts
once every few seconds. or even just a few
times every minule. since the thermal iner-
tia of the load averages oul the bursts. The
user will then observe a simple rise or fall in
heater power dissipation depending on the
frequency of the bursts.

The device 1o be described liere is a burst
firing power controller which includes a
zero crossing system. This synchronises the
a.c. sinc wave output, to ensure that only
complete sine waves are allowed to rcach
the control element (a triac).

By avoiding chopping the sine wave as
in the phuse control system. no 1Ll is
generated and absolutely no suppression
is needed. The sysiem is completely inter-
ference froe, making it ideal for use in the
domestic environment. It is however nof
switable for certain tvpes of load, see the
separate Specification panel.

APPLICATIONS

Many applisnces based on  resislive
heating elements (c.g. an oil-filled radiator,
convector, or immersion heater) incorpor-
ate a bi-metallic strip which provides
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simple on-off thermostatic operation. They
offer an "all or nothing™ approach 1o
control which often resulls in (emperalurc
overshoots — wasted power — and generally
imprecise temperature control.

This Power Controller will handle a 3kW
load maximum, and could actually comple-
meni a thermostat il fitted w0 2 domestic
appliance. By burst-firing the appliance in
the first place, the average power delivered
to the heater is controlled maore precisely
which provides a more controllable tzm-
perature, as the appliance will be deliver-
g an “average’ power rather than all or
nothing when controlled by a hi-metallic
strip.

Apart [rom offcring a fincr depres of
control, rather than using a heater con-
tinuously at full setting, this design will
also help save money by enubling Lhe uscr
o “turn down” thc heat to a lower setting
— especially if the heater doesn’t even have
a bi-metallic thermostat.

HOW IT WORKS

‘The cireuit diagram of the Power Con-
rroller is shown in Fig 2 Operation is
centred around IC1, an SL443 zero-cross-
ing burst fring ¢hip. Tt provides all the
neeessary timing signals to 2 control device
— a suitably-rated 1riac in this case — to
provide tatally interference-fres control of
a suitable resistive load.

The ic. has a buili-in power supply sec-
lion, 240V a.c. mains is supplicd by two
dropper resistors R2 and 3, to pin 2. Two
power resistors are used bacause a total of
nearly 350V peal is dropped across them
under worst case conditions, therefore cach
is conservatively rated to withstand 200V at
aw.

The resuliant low a.c. voltage i3 rectified
and regulated within the ic. to produce
about 14V de. which is smoothed by the
external capacitor C3, and is in twn passed
to an inlernal 7V slabiliser. This is fod via

Fig. 2. Full circurt diagram for the Power Contiofler.

It does have one drawback in that be-
cause of its mode of operation  sending
pubses to the load al regulur intervals - it is
not really suited to cleetric fires which have
flickering coal ettect lamps; it would cause
the lamps to fash on and ol repetinvely,
although thc unit controls the heater ele-
ments perfectly. Nor must the unit ba used
with anything incorporating a synchronous
motor such as a fan heater.

Additionally, trials showed that the unit
docs require a munimum load tor correct
operation, of roughly 300W or more. This
design is not suitable for controlling a low-
power soldering iron or similar smzll loads
for cxample. It is designed for larper resis-
tive loads such as ordinary electric bar fires
or immersion heater elements rated up to
3kW, especially where r.[L1. could olherwisc
be 4 problem. The umit has a simple visual
indication showing the burst firing systam
in actual operation, to help gauge the level
of power being delivered.

BE AWARE

The circuil operates divectly from the
mains and has a buili-in wransformerless

power supply, and is guite stvaiphtforward

ta assemble, but some skill with a soldeving
iron is reguived to male neat solder joints,
some of which are at mains voltage, and care
is needed when assembliing to allow for
certain parts which becomne hot in eperation,
Therefare, it is not really recommended for
the absolute beginner due to the hazards
associared with the mixture of mains and low
voltages.

pin 3 and resistor R1 o the power control
potentiometer VIR1 which taps the voltage
at ite wiper, connecting the output sienal 1o
pin &,

The ic. drives (he gale lerminal (rac
CSRI directly fram pin 4 which delivers a
series of suitably-timed trigeer pulses, A
conservativelv-rated 16A device wus used
for CSRI which also has an isslored 1ab.
This improves the insulation of the ftinal
assembly and reduces the risk of accidental

Layour of componenis and
lettering on the front panel of the
complete Power Controlfer,
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short circuits. As will be deseribed later, the
triac needs to be fitted to a heatsink 1o aid
heat dissipation when operating under peak
conditions,

It 15 the die. voltage on the wiper of
potentiomceter VR which ultimately deter-
mines the time period of the “hursts”. The
51445 internal logic generates a sawtooth-
like ramp voltage and compares this against
the d.c. vollage set up by VR, By adjusling
the voltage at pin 8, the overall length of the
bursts sent to the ac is varied accordingly.
see [g. 3. The ST443 compares the d.e
signal voltage at pin 8 against the ramp

COMPONENTS

Resistors
R1 A7k Q-26W 5% carhon film
R2 5k8 6W 200V wirewound
(W22 type)
R3 8kB 6W 200V wirewound
(W22 type)
Potentiometer See

SHOP
TALK

VR1 47k O-4W rotary
carban, linear

Capacitors Page

C1 22nF polyester bmm

c2 1n2 polyester ar palystyrene

C3 470uk radial axial elect. 25V

Semiconductors

1C1 SLA43A zara crossing burst
firing i.c.

C3R1 BTA16-600B 600V triac
isciated tab
ABSOLUTELY VITALHT

Miscellaneous

SK1 Panel mounting 134
sockat

LP1 240V neon mains panel
indicator (see text)

81 chassis mounting
fuseholder with 13A fuse
see text

TB1 3 way p.c.b terminal block

Printed circuit board available from £PE

B Sarvice, code 908; plastic case
with sloped aluminium panel, 215mm
x 130mm x 78/47mm; 3-way 13A
mains screw terminal block; 8-pin d.i.l
socket; control knob;, P-clip; grommet;
M3 x 8mim fastener; fully insulated p.c.b.
mounting hardware; tie wrap with ad-
hesive base; 13A cable; wire; solder ete.

£21

Approx cost
gusdance ornly



VA1 wiper vollage setting

Fig. 3. 51443 ramp voltage waveforms.
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voltage, and the power oulput of he unit 15
set by that raction of the sawtooth during
which the triac is conducting — as denoted hy
the square wave, which represents bursts of
complete sine waves driving the load,

It was felt il would be safer to include a
certein degree of “offset” by adding resis-
tor 141, This means that there is always a
minimum voltage at VR1 wiper so thal the
Power Conlroller is never turned fully off.

In the case of eleciric fire elements, they
can still dissipate haat even though they may
not be glowing brightly. Under these cir-
cumslances the user could mistakenly think
that the fire was rurned oft altogether, al-
though in reality it may be partially on.
In order to prevent a [ire hueurd, the off-
set resislor ensures that the load is alwavs
swilched on to some extent, which should
then be apparent to the user.

BURST FIRING

A zero-crossing detcctor i3 also incor-
porated in the §1.443. The triac firing pulse
from pin 4 is svnchronised to ensure that
lrine CSR1 conducts at the start of a sine
wave half cycle without chapping it. The
value of capacitor C2 is calculated to
ensure that the friac receives @ logger-
ing pulse ol an adequate length, whilst
capacitor C1 determines the ramp period
or repetition rate of the hursts,

The value of C1 was calculated for a one
second period, which as a resull of lests
enables the project to be used with visible
heater elements such as eleciric fires. A
longer period (several seconds or more)
would resull in electde fires allernalely
glowing red hot and then dimming.

‘The hurst rate is probably of less conse-
quence with hidden heating clements used
in kilns or immersion heaters, but is clearly
relevant if' the electric element is also
supposed to give a comforting slow: it
shouldn’t be pulsating in a menacing man-
ner! (Though the author’s does anvway,
courlesy of Yorkshirc Elcetricity,) For this
reason, it is not teasible to use the Power
Controller with electric coal-effect fires,
because the “fireglow™ bulbs will indeed
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Fig. 4. (rnight)
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flash on and oft. (There is probably no finer
demonstration of burst fizing, with the coal
elfect Mashing disco-like whilst the heater
bars average out the bursts. Impress your
friends!)

The Power Controller will deliver bursts
ol sine wuves Lo Lthe load based on a fixed
cyele time of one second. By adjusting
potentiometer VR 1, the feagth of the hirsts
is determined, i.e. it controls the duty cycle,
At minimum power, shorter bursts of a.c.
mains are delivered cvery sceond (under
50% duty cycle). whilst at maximum out-
pur the circnit delivers a continuous sine
wave (100% duty cycle),

Meen indicalor LP1 i3 in parullel wilh
the load and this clearly reflects the burst
firing repetition-rate, and acts as a monitor.

It will flash according to the selling of
VRI, and could be omitted if necessary.
If nothing else, it’s useful when first test-
ing the completed design. Finally, as men-
tioned earlier, the circuit requires o mini-
mum load of, say, 300W to operate suc-
cessfully, otherwise CSR1 may fail to trig-
ger praperly or hold 2ts conduction.

CONSTRUCTION
Construction swarts with printed circuit
hoard (p.c.h.) assembly, then front panel
details and finally, interwiring and finishing
off. The circuit itself has a low compaonent
count and 15 siraightforward to build.
Howcever, some parts are at mains voliage
and therefore the ability L solder ncally is
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essential, in order to prevent accidental
shorl cireuits or unreliable operation.

A printed circuit board simplifies as-
sembly and is probably essential these days
for this type ol project. The p.c.b. com-
ponent lavoul and full size copper foil
mastcr pattern for the Power Controller
are snown in Tig, 4. This board is available
from the EPE PCE Servive, code 903,

The protolype p.b. is housed in 2
plastic case which has a sloping aluminium
front pancl, and measures 215mm x
130mm x 78/47mm. An alternative choice
might be a diecast alumiajwm box or other
all-metal housing, since the metal front
pancl 1s used as 4 heatsink for triac CSR1.

The triac will hecame quite hot when the
Power Controller is set for maximum out-
put. Under these circumstances, the triac is
passing peak continuous current and dis-
sipates an appreciahle amoent of hear
(which is negligible compared with the
power dissipation of the loud, (hough),

The specilied casc has proven accepiable
In this applicztion. however # goldan rule
with this proiect is that when selecting your
own housing, allow plenty of rovmn inside
for air circulation around the components
and do not be tempted 1o opt for ton
small a bhox. In fact ventilation slots.
thaugh not compulsory, would do ne harm
provided that liny lngers cunnot poke
objeets into the box and make contact with
live terminals.

Continue  canstruction by using  the
empty p.c.b. as a template oo the box Lo
mark the dolling cenires for the insulated
mounting hardware (see later). Then
procead with the assembly of the circuit
board in accordance with Fig. 4. Power
resistors R2 and R2 pmst be mounted
proud of the board to permat air circulation
around them. o stand them off hy about
10mm  do not solder (hem Mush lo the
pub,

The iLc. should be fitted using an R-pin
d.il socket and the electrolytic capacitor
C3 must be correctly polarised. A three-
way screw lerminal block s used for TBI,
this bcing safer and more reliable in the
long term than soldering mains wires di-
rectly to the board.

CASE
PREPARATION

Case prepuration can start with the front
pancl which carries the panel-mounting
13A mains socket, topether with neon LPI
and potentiometer VRI. It is necessarv to
mount the triac oo the alwninium panel
too, to act us a heatsink. Note thar the triac
must have an iusulared tah. The front panel
must be laid out in such a way that when
the box is closed together, nothing fitled on
the fronl panel interferes with any parts
within the box.

Start off with preparation for the mains
socket SK1. If a socket similar (o that of
the prototype is used, & 30mm diameter
hole is needed in the pancl. Do this with a
(Q-Max punch it available — a two minute
job. Otherwise drill a series of small holes
inside the circumference of the hole, then
join them together to form a rough cut-out
which can then be gradually smoothed to
shape. using & half-round file  hard work!

Ounce Lhe large cut-oul has been pre-
pared. dmll the two adjacent mounting
holes for the socker such that it will align
correctly when finally fitted into position.
Alternatively. use a surface-mounting 13A
sockel which mounts on the ront of the
pancl, although they wnd to lock quite
cumhersome.

Also drill or punch the holes [or poten-
uomcter VR and the ncon, followed hy a
3mmt hole centrally in the panel which will
permit mounting of the trac directly using
a countersunk or panel-head M3 x 6mm
[aslener. Although no insulation kit is
needed it may be worth placing some
insulafion tape on the panel under the triac
leads. just as a precaution to prevent
againsl any erranl strands of copper wire
cle. shorting to the (carthed) panel.

IMinally, once the panel has been pre-
pared, it can be labelled with rub-down
lettering as required, followed by a coar of
protective sprav-on lacquer to enhance the
tinish. Then fit all the panel-mounting parts
and move onto the case,

The casing used with the prototype was
madc of plastic which eases any work. It
needs to be prepared to accept the peb.,
mains cable inlet and cable restraint, The

Completed p.c.b. The power resistors must be mournted proud of the board.

The metal froni panel acts as the triac
hezisink. Insulating tape under the
slaaved pins provides extra protection.

Layout of components on the rear of the metal front panel,
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layoul of the inlerior is crucial, since
adequate clearance must be allowed for
the rear projection of the mains socket,
potentiomerer etc. once the front panel is
secured.

The p.o.b. mmst be mounted with fufly-
insulated hardwarc for safcty, c.g. nylon
stand-offs or p.v.c. pillars using short self
rapping screws at each end. Once again,
organise the internal layout so that the unit
will fit together withoul any obstructions
heing encountered. Alse do cnsurc that the
pov.c. insulation of any wiring is kept away
[rom the power resistors, whose swrfuce
emperature is just aboul adequale Lo mell
ordinary insulation.

Still on the theme of safety, the prototype
used o unigue lhree-way 16A  terminal
block which incorporates a [uscholder
within the Live fzed. This entirely dis-
pensed with the need to fit a separate
fuseholder, alse it auiomatically earths
its own mountng bolt. Il o scparale
tnseholder is used, it must be adequatcly
rated (13A or more) and a 1 inch or 1-25
inch Tuse Lype will therelore be called for. -

‘The holc made in the box for the mains
cable inlet is bhest ftted with a 10mm
(internal  diameter) grommet, o help
prevent chafing or wearing of the cable
nsulation: it also helps to scal the hole. The
three-core mains cable 15 rated at 13A and
must of course be hald in place with a cahle
restraint such as a nylon “P-clip” to
prevent the cable from being pulled oul or
working loose.

INTERWIRING

Having locatled the muin parts of the
Powsr Controller into posidon, the final
aspect of assembly is the interwiring. All
wiring which might potentially carry a full
load (up lo 13A) must be adaqguately rated
with this in mind, see Fig. 3. In actual fact,

P.C.E.

V¥R
A3 C

IIIFT']

ALL

FULLY [NSLULATC
QINTS

Fig. 8. interwiring between components and p.c.b. Mains rated cable must be used
between the mains terminal block, 134 sockat and pins MT7T. MT2 of ihe iriac.

only the wiring to and from the maios inlet
terminal block, the 13A sockel und the
triac (MT1, MT2 pins} require 13A cable,
he potentometer can be connacted to
the printed circuit board with ordinary in-
sulated hook-up wire (7/0-2mm). All other
connections can be effected with 3A wire
{16/0-2mm) chosen more for its insulation
strength since the mains connections to the
p.c.b. itsell only carry a few milliamps.
The triac wiring requires speeial mention:

The compieted Power Conirofler with the front panel removed to show com-
ponants mounted in the base of the case . The “well” to the right side of the p.c b
accommodates the mains socker SK1.

it is straightforward enough to solder the
13A wires to the appropriate leads, how-
cver beeause of the relative mass of the
wires, precautions arc needed Lo prevent
these wires from straining the triac lcads,
which would undoubtedly break away if
repealedly Mexed (metal fatipue). Hence, use
gencrous lengths of pwv.e. or heatshrink
sleeving on the triac wiring and leads w Lully
insulate them, and also provide a sirain relief
using u slick-on tie wrap base nearby. This
will prevent unncecssary sirain being applied
to the leads.

Note also that the front panel will auto-
matically be earthed through the Tarth
conncetion to the sockel, which it will
ha seen is connected 1o thc mounling
screws. The P-clip mounting screw should
be earthed with a separate wire, connected
to a solder tag under the mounting boit as
showr.

Tinally, fit a fused 13A plug and check
all wiring for errors or amissions, inspect-
ing mains joints very closely to ensure that
they arc adequately imsulated. Haviog con:
firmed that all wirinp is sceured oul of Lhe
way of the two power resistors, close up the
casc, ready for tesling. :

POWER UP

For maximum protection it is recom-
mended that initial testing is performed
through an ELCB/RCD Powerbreaker
device, to protect against clectric shock.
The unit will not operate properly unless a
reasonable load is connected, because the
triac will nul be able o conduct.

However, without a load, applying the
mains will power the §1.443 i.c. through the
mains dropper resistors, which will hecome
hot alter a shorl period. Although various
valtage measurements could be taken on
the p.c.b. to confirm correct operation {e.g.
the 7V d.c. across the potentiomerer track),
it 15 probably best to discourage any such
testing because of the mixture of low voll-
ape and full mains potential which cxists on
the board. '

Testing is therefore restricted to ensur-
ing the powcr resislors become hot
after 2 short period, unplug the Power
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Controller complelely from the mains and
then check their temperature cautiously,
Finally a suitable mains load can be at-
tached. such as an eleciric fire (nor a fun
heater) or even an ordinary iron.

The neon indicator LIl should fash at a
rafe determined hy the setting of VR
at “maximum” output, the neon should
he cantinuously alight, AL “minimum” sct-
ling, the neon will be blinking, indicating
thal short bursts ol mains voltage are heing
appled to the load.

If evervthing is satisfactory so [ur. then
apply a full load such us a (wo or three-bar
electrie fire, double checking that the hurst-
firing is fully variahle nsing potentiometer
VRI. As another check, the temperuiure of
the triac mounting serew will rise when the
Controller is on its maximum setting.

Monitor the prototype under (ull load lest
conditions Tor a good hour or more. Then
unplug (Tom the mains, mspect the interior
to ensure that no insulation had caught
on the power resistors and that thers are
no other visible problems, ulter which the
Power Conlroller is ready for use.

Usc the Power Comrroller directly on
immersion heater elemeants or other resis-
tive elements such as certuin greenhouse
heaters, oil-filled electric radiarors or tradi-
tional electric har fires. Bear in mind that a
certain munimum load of say 500W i3
necessary for the triae Lo conduet properly.
Below Lhis, the burst firing may sesm 2
littlc crratic.

FURTHER NOTES

If readers wish Lo install the Power Con-
lroller as a permanently-sited unit  per-
haps adjacent to an mowersion heuler —
then bear in mind Lhe heal generawce by
the power resistors. The p.c.h. should be

The one p‘fC‘C&‘ IEA terrmirial b/o(.k incorporating & msehofder and the p.c.b.
mounted on plastic stand-off piltars

piaced such that this heal will low away
from the i.c., nut over il

Also, in gencral terms. do ensure that
adcquate heatsinking is provided for the
triac, and the size of the aluminium panel
sngcested by the prototype (212Zmm =
127 mm) should be considered the minimum
dimensions to enahle the unit to handle
maximum output conditions. The use of a
metal box or punel as 4 heatsink has
proven adequate for general purpose use

but a readyv-mude heatsink would enable
the design to cope more readily with ex-
treme operating levels,

If it is likely that the Power Controller
will be operated at peuk culpul for scveral
hours or more, the triac will dissipate maxi-
mum heat under these cirenmistances and
it may be preferable w use 4 commercial
heatsink ruted at say /-5°C/Watt or so. and
the size of the case will need revising 1o ac-
commadate this. O

Pocket sized Logic Analyser for your PC
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NEW S/4-76

Logic Analyser

® Low cost, High Performance
16 Channel Logic Analyser

® Connects to PC serial port,
ideal for desktops or notebooks

Supplied with easy to use software,
power supply and cables

High Speed -up to 50 MHz sampling

@
@
@ Internal & external clock modes
@ 8K Trace Buffer

S

pecial Introductory Price

SLA4-76 £189.00

for limited period only

Normal List Price £ 219.00

Pico Technology Ltd. Broadway House, 149-151 St Neots Road, Hardwick, Cambridge. CB3 7QJ
TEL: 0954 - 211716 FAX: 0954 - 211880
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