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(57) Abstract

A power control arrangement for controlling the power output of a plurality of resistive heating elements (9a, 9b)
comprises a multi-position switch (S1, S2) for connecting the heating elements in series and in parallel and means (4, 5, 6,
7, 8) for varying the duty cycle applied to the heating elements in both serial and parallel modes.

EORR




FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international appli-
cations under the PCT.

AT Austria GA Gabon MR Mauritania
AU  Australia GB United Kingdom MW Malawi

BB Barbados HU Hungary NL Netherlands
BE Belgium IT Italy NO Norway

BG Bulgaria JP  Japan RO Romania

BR Brazil KP Democratic People’s Republic SD Sudan

CF  Central African Republic of Korea SE  Sweden

CG Congo KR Republic of Korea SN Senegal

CH Switzerland LI  Liechtenstein SU Soviet Union
CM Cameroon LK  Sri Lanka TD Chad

DE Germany, Federal Republic of LU Luxembourg TG Togo

DK Denmark MC Monaco US  United States of America
FI  Finland MG Madagascar

FR France ML Mali




WO 86/03929 } PCT/GB85/00575

10

15

20

-1 -
POWER CONTROL ARRANGEMENT

The present invention relates to a power control
arrangement for controlling the power output of

a plurality of resistive heating elements.

It is known to control the power output of a resistive
heating element in a number of ways. It is known
from U.S. Patent No. 4,334,147 to use burst firing
techniques in which electronic switching is employed
to control the power applied to the heating element
by controlling the number of conductive half-cycles
during which power is applied to the heating element
each control period. However, burst firing techniques
encounter problems with flicker when <the heating
element has a fast thermal response time and a highly
variable resistance with temperature. In order
to reduce flicker to an acceptable 1level the control
period should be as short as possible, say five
half-cycles, but as the control period becomes shorter
the minimum power 1level rises and at one half-cycle
in five the power level is 29 per cent of full power.
For an electric cooker having a heating element
of, say, 1000 watts a minimum power output of 290
watts does not provide sufficient control.
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It is also known from U.K. Patent Application No.
2 132 060 A to connect four infra-red lamps in both
series and parallel, together with a diode at some
power settings, to provide a minimum power level
of seven per cenf of full power. Such an arrangement
works adequately when four infra-red lamps are provided
and a satisfactory range of power output can be
attained. However, infra-red lamps are expensive
and it 1is therefore desirable to reduce the number
of lamps employed, but reducing the number of lamps
in this prior publication brings about a severe
restriction on the range of power output. '

It 1is therefore an object of the present invention
to provide a power control arrarigement for a plurality
of resistive heating elements which permits a wide
range of power output and which is relatively

inexpensive..

According to the present invention there is provided
a power control arrangement for controlling the
power output of a plurality of resistive heatiné
elements, which power control arrangement comprises
means for connecting said plurality of resistive
heating elements in series and in parallel; and
means for varying the duty cycle applied to said
plurality of resistive heating elements in both
series and parallel modes.
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For a better understanding of the present invention

reference will now be made, by way of example, to
the accompanying drawings in which:

Figure 1 is a functional block diagram of one embodiment
of a power control arrangement according to the
present invention;

Figures 2A to 2C illustrate power signals corresponding
to various power level settings; and

Figure 3 1is a functional block diagram showing a
further embodiment of a power control arrangement
according to the present invention.

The power control arrangement shown in Figure 1
comprises a mechanical switch assembly 1 of four
interconnected switches S1, S2, S$3, S4. The switches
may be cam operated or they may be, for example,
in the form of a two pole seven position wafer switch
with two wafers ganged together. The seven positions
correspond to an '"off" position and six discrete
power settings, any one of which may be selected
by the operator. Clearly, a greater or lesser number
of power settings could bé provided. When the switch
assembly 1 is in its "off" position (position O0)
an on-off switch 10 is opened so as to disconnect
the remainder of the power control arrangement from

the applied AC mains power which is supplied across
terminals 2, 3.

PCT/GB85/00575
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A zero voltage switch 4 monitors the AC power and
generates a zero crossing pulse each time it detects a
zero voltage crossing of the AC power. The =zero
crossing pulses are supplied to an AND-gate 5 and to a
clock pulse generator 6. The clock pulse generator 6
generates pulses for driving a shift register 7 1in
response to the zero crossing pulses generated by the
zero voltage switch 4.

The shift register 7 operates aé a 4 bit shift right
register and the output signal of the shift register 7
is fed to positions 1, 2, 4 and 5 of switch S3 and from
switch S3 to the AND-gate 5. In this way the waveform
generated by the shift register 7 is gated out to a
semiconductor device 8, such as a triac or back-to-back
thyristors, at the zero crossing point of the mains
power so that the semiconductor device 8 becomes
conductive without generating harmonic distortion which
could give rise to radio frequency interference. This
method of activating the - semiconductor device 8 also
serves to 1limit the surge current when the heating

s

element 9 is energised.

The heating element 9 comprises two separate elements 9a
and Sb. One end of heating element 9a is connected to
on-off switch 10, the other end of heating element 9a is
connected to one end of heating element 9b and both are
connected to the pole of switch S2. The other end of

heating element 9b is connected to the pole of switch
Si.

The neutral line of the mains power is connected to the
pole of switch S4.

.-
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The semiconductor device 8 is connected in series
with the heating element 9 by way of switches S1,
S2 and S3 in such a way that at power settings 1,
2 and 3 switch 82 is ineffective and the heater
elements 9a, 9b are connected in series, with power
being connected to semiconductor device 8 by way
of switch S1. At power settings 4, 5 and 6 switch
S2 connects the heater elements in parallel and
switch S1 supplies power to heating element 9b.
Switch $4 is effective at power settings 3 and 6
where switch 83 is ineffective and serves to supply
full power to the heating elements 9a and 9b with
the heating elements connected in series at power
setting 3 and in parallel at power setting 6.

The combined effect of switches S3 and S4 can be
seen from Figures 2A to 2C. For power settings
1 and 4 switch S3 permits the semiconductor device
8 to be conductive for one half-cycle in every three
half cycles, with the heating elements 9a, 9b connected
in series at power setting 1 and in parallel at
power setting 4. This represents a duty cycle of
1/3. For power settings 2 and 5, as Figure 2B shows,
switch S3 permits the semiconductor device 8 to
be conductive for two half-cycles in every three
half Cycles, with the heating elements 9a, 9b connected
in series at power setting 2 and in parallel at
power setting 5. This represents a duty cycle of
2/3. Figure 2C shows that switch S4 by-passes the
semiconductor device 8 at power settings 3 and 6
and represents full duty cycle.
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1 The connections at the various power settings are

summarised in the following Table 1.

TABLE 1

Power Heater element Duty cycle Proportion of full
S Setting arrangement power delivered by

heater

0 - - (O%) %

1 series 1/3 (33%) 15%

2 series 2/3 (67%) . 25%

3 series 3/3 (100%) 34%
10 4 parallel 1/3 (33%) 43%

5 parallel 2/3 (67%) 73%

6 parallel 3/3 (100%) 100%

In the event of failure of the electronic circuitry

the power control arrangement shown in Figure 1
15 does not cease operating entirely, but because at

power settings 3 and 6 the electronic circuitry

is Dby-passed these two settings remain available

until such time as the -electronic circuitry can

be repaired or replaced.
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As described above the triggering of the semiconductor

device 8 is based on a control interval of three half
cycles. However, it is not necessary to have this
control interval and the control interval may be any
suitable number of half or full-cycles. For example,
the control interval may be three full cycles and the
semiconductor device may be activated for one, two or
three full cycles during the control interval, although
this may give rise to annoying flicker. Alternatively
the control interval may be four or more half cycles
which enables a greater number of power level settings.
In one particular embodiment (not illustrated) it may be
desirable to introduce an additional power setting
between power setting O and power setting 1 described
above. This may be accomplished by changing the burst
firing method to include an additional setting at one
half cycle in five which gives rise to a power output of
10 per cent of full power. However, this again may give
rise to annoying flicker and if the control interval is
an even number of half cycles may result in an
undesirable DC component in the mains current because
successive half cycle pulses will all be of the same
polarity.

In order to limit surge current to an acceptable level
it is advisable to construct the power control arrange-
ment in such a way that the user can only change the
power level from setting 0 to setting 6, that is from
"off" to full Dpower, by way of the intermediate
settings. In this way, power settings 1, 2 and 3
provide an effective means of limiting surge current
because the heating elements 9a, 9b are connected in
series and the heating elements will have an opportunity
to heat to an acceptable temperature before power
sétting 4 1is attained and the heating elements are
connected in parallel,
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The power control arrange ment shown in Figure .3
is similar to that shown 1in Figure 1 and the same
reference numerals are used to refer to the same
or similar conponents. The power control arrangement
shown in Figure 3 1is particularly suitable for wuse
with dual-circuit heaters such as those heaters in
which a further heating element 11 is arranged around,
at one side or at both sides of the first-mentioned
heating element 9. The heating elements 9 and 11
may be separated by a wall of insulating material
(not shown). A switch 12 is used to control the
supply of power to heating element 11 in such a
way that heating element 11 cannot be energised
independently of Theating element 9, Dbut heating
element 9 can be energised independently of heating
element 11. The switch 12 can be concentric with
the knob for setting the power level for the heating
element 9 and can be operéted for example by a pulling,
pushing or rotary action. Switch 12 can be made
of a conventional pair of contacts -or can be a
semiconductor device. The heating element 11 comprises
elements 1lla and 11b which are connected in series

or parallel as with the elements %a and 9b.

The heating elements 9a, 9b shown in Figures 1 and
3 and the heating elements 1lla, 11lb shown in Figure

3 may be, for example, bare resistance wires or
infra-red lamps.

The electronic circuitry described is simple and
inexpensive whilst permitting a wide range of power
output as a result of a combination of burst firing

and series/parallel connection of the heating elements.
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Claims

1.

A power control arrangement for controlling the power
output of a plurality of resistive heating elements,

characterised in that the power control arrangement

comprises means for connecting said plurality of
resistive heating elements in series and in parallel,
and means for varying the duty cycle applied to said
plurality of resistive heating elements in both series
and parallel modes.

A power control arrangement according to <claim 1,
characterised in that the arrangement comprises a

mechanical switch assembly of four interconnected
switches.

A power control arrangement according to c¢laim 1

or 2, characterised in that seven power level settings
are provided. .

A power control arrangement according to claim 1,2

or 3, characterised in that means is provided for

preventing the heating elements being switched to
maximum power other than by way of at least c- =
intermediate power level setting.

A power control arrangement according to any of claims
1 to 4, characterised in that the duty cycle comprises

one, two or three half cycles in every three half
cycles.
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