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power output by non-dissipative means
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HAIR DRYER WITH IMPROVED HEATING POWER CONTROL

AND CIRCUITS THEREFOR

FIELD OF INVENTION

The present invention relates to personal care devices and, more
particularly, to an alternating current operated personal care device provided with
heating elements and a motor driven fan. More specifically, although of course not
solely limiting thereto, this invention relates to hair dryers and fan heaters with a
plurality of heating power and fan-speed settings. This invention also relates to

non-dissipative power variation schemes and circuit arrangements therefor.

BACKGROUND OF THE INVENTION

Personal care devices with heating elements and a motor driven fan are
generally used to enhance personal comfort or personal grooming. For example, a
fan-heater provides a convenient and localized heating source with forced air

circulation so that warm air can be delivered to a person within a short time.

A hair dryer is another example of such a personal care device in which hot
or warm air is delivered towards a person for hair styling or other appropriate
applications. In such applications, a wide range of heating power level variation
and fan-speeds are usually required in order to meet with the specific personal

comfort or grooming requirements. For example, a high heating power level with
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a high fan-speed may be required to blow dry and style wet hair while a moderate

heating level and a moderate fan-speed inay be required for gentle hair styling.

Similarly, in the case of fan-heaters, a high heating power and a high fan-
speed will be required to expeditiously warm up a cold space while a moderate or a
low heating level and fan-speed may be required to maintain a room at a relatively
comfortable temperature and humidity. To accommodate such a wide range of
varying power requirements, heating elements provided in such personal care
devices must be able to operate on a wide range of power output. The typical
power ratings of heating elements for use in this type of personal care devices are
usually between a few hundred Watts to a maximum of 2,000 - 3,600 Watts. In
order to provide a variable heating power output, variable resistors, or rheostats,
are usually serially connected with the heating elements to dissipate a certain
portion of the electrical energy so that a reduced heating power is generated by the
heating elements. This conventional heating power variation by the use of
dissipative resistive elements means unnecessary power dissipation and wasted

energy.

Another possible alternative approach is by way of a technique commonly
known as power chopping. In this technique, the heating elements are only
activated only during a certain portion of the complete cycle of the alternating
current power source. However, this approach is not entirely useful or generally
desirable for use in personal care devices because strong adverse harmonics are

usually generated as a side effect of the power chopping and the high resulting
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harmonics are an obstacle to fulfil the electro-magnetic compliance (“EMC”)

requirements imposed by many national or regional authorities.

Hence, it will be highly desirable if personal care devices equipped with
heating elements and motor driven fans can be provided with improved heating
element arrangements and/or heating control arrangements so that a variable
heating power output can be provided by non-dissipative means while fulfilling the

generally stringent EMC requirements.

OBJECT OF THE INVENTION

Accordingly, it is an object of the present invention to provide personal care
devices with variable heating power output by utilizing non power-dissipative
means and schemes with reduced adverse harmonics. At a minimum, it is an
object of the present invention to provide personal care devices with alternative
heating element arrangements and actuation schemes and configurations for the

choice of the public.

SUMMARY OF THE INVENTION

According to a first aspect of the present invention, there is provided an
alternating current operated personal care device, such as a hair blower, a hair
dryer, a fan-heater, or the like, said device including a main housing, user control
interfacing means, controlling means, a motor, air driving means and at least a first
heating element, said alternating current being characterised by a sequence of

consecutive positive and negative half-cycles of a pre-determined frequency, said
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first heating element being independently switchable by said controlling means,
said user control interfacing means provide means for a user to vary the heating
power level of said device, said heating power level being variable by selectively
supplying power to said first heating element during pre-determined half-cycles of
said alternating current by actuating said first heating element at or near the
beginning or zero-crossing point of the said pre-determined half-cycles of said

alternating current.

According to a second aspect of the present invention, there is provided a
non-dissipative power reduction scheme for use with alternating current source
operated devices or apparatuses, said scheme includes the utilization of user
control interfacing means, controlling means, a motor, air driving means and at
least a first heating element, said alternating current being characterised by a
sequence of consecutive positive and negative half-cycles of a pre-determined
frequency, said first heating element being independently switchable by said
controlling means, said user control interfacing means provide means for a user to
vary the heating power level of said device, said heating power level being variable
by selectively supplying power to said first heating element during pre-determined
half-cycles of said alternating current by actuating said first heating element at or
near the beginning or zero-crossing point of the said pre-determined half-cycles of

said alternating current.

Preferably, said user control interfacing means further include means for a

user to vary the motor speed of said device, said motor speed being variable by
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selectively supplying power to said motor during pre-determined half-cycles of
said alternating current by actuating said motor at or near the beginning or zero-

crossing point of the said pre-determined half-cycles of said alternating current.

Preferably, said personal care device further including a second heating
element and said scheme further includes the utilisation of a second heating
element, wherein said heating power level being variable by selectively supplying
power to said first heating element, said second heating element or a combination
of said first and said second heating elements during pre-determined half-cycles of
said alternating current, said first heating element, said second heating element or
said combination of heating elements being actuated at or near the beginning or
zero-crossing point of the said pre-determined half-cycles of said alternating

current.

Preferably, the heating power level of said device can be reduced by
distributing the operation, that is, the operation power or current, of said heating
elements among pré-determined half-cycles of said alternating current to reduce

the overlapping between the operation of said heating elements.

Preferably, the heating power level of said device can be reduced by
distributing the operation, that is, the operation power or current, of said heating
elements and said motor among pre-determined half-cycles of said alternating
current to reduce the overlapping between the operation of said motor and said

heating elements.
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Preferably, said motor is provided with operating current, or is operated,
during pre-determined selective half-cycles of said alternating current to reduce
speed, said motor being actuated at or near the beginning or zero-crossing point of

pre-determined half-cycles of said alternating current.

Preferably, said user control interfacing means include a plurality of pre-
defined settings so that a user can select a heating level and a fan speed, said
heating level being selectable between a maximum heating level and a plurality of
non-maximum heating levels, said fan speed being selectable between a maximum

speed and at least a non-maximum speed,

said controlling means being configured so that when said user control interface is
set at a pre-determined non-maximum heating level, said first heating element 1s
actuated during pre-determined half-cycle intervals of the alternating current
source and said motor is actuated during pre-determined half-cycles including

during half-cycles when said first heating element is not actuated.

Preferably, at another pre-defined setting of said user control interfacing
means, said motor is also actuated during some pre-determined half-cycles during

which said first heating element is being actuated.

Preferably, at another pre-defined setting of said user control interfacing
means, said second heating element is actuated at pre-determined half-cycles

during which said first heating element is non-actuated.
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Preferably, at another pre-defined setting of said user control interfacing
means, said motor operates at half-cycles during which both said first and second

heating elements are actuated.

Preferably, at another pre-defined setting of said user control interfacing
means, each said first and said second heating element is serially connected with a

switching device.
Preferably, said switching device is a triac.

Preferably, neither heating elements nor said motor operate during some of

the half-cycles of said alternating current source.
Preferably, a third heating element is serially connected with said motor.

Preferably, said device is a hair care device such as a hair dryer, a hair

blower or the like.
BRIEF DESCRIPTION OF THE DRAWINGS

A preferred embodiment of the present invention will be explained by way

of example and with reference to the accompanying drawings, in which:

Fig. 1A and Fig. 1B are respectively the longitudinal cross-sectional view
and rear transversal sectional view of a first embodiment of a hair dryer of the

present invention.
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Fig. 1C is a schematic circuit diagram showing the arrangement of heating
elements, a motor, controlling means and user control interfacing means of a hair

dryer of a preferred embodiment of the present invention,

Fig. 2 is a schematic waveform diagram generally showing the operating
timing of the device of Fig. 1 with the first heating element and the motor turned

on during every alternate positive half-cycle and at a first speed,

Fig. 3 is a schematic waveform diagram generally showing the operating
timing of the hair dryer of Fig. 1 with the first heating element turned on during
every alternate complete cycle of the alternating current supply and the motor

turned on during every alternate positive (or upper) half-cycle and at a first speed,

Fig. 4 is a schematic waveform diagram showing the operating timing of
the motor under the same conditions of Fig. 2 with the first heating element turned
on during every alternate negative (or lower) half-cycle and the second heating

element turned on during every fourth upper-half cycle,

Fig. 5 is another waveform diagram showing the relative operating timing

- of the hair dryer with the first heating element and the second heating element
turned on during every third non-overlapping complete cycle of the alternating
current supply and the motor turned on during every alternate positive half-cycle

and at the first speed,

Fig. 6 is another waveform diagram showing the relative operating timing

of the hair dryer with the first heating element turned on during every negative (or
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lower) half-cycle of the alternating current source, the second heating element
turned on during every positive (or upper) half cycle of the alternating current
supply and the motor turned on during every alternate positive half-cycle and at the

first speed,

Fig. 7 is another waveform diagram showing the relative operating timing
of the hair dryer with the first heating element turned on during every alternate
complete cycle of the alternating current source, the second heating element turned
on during every other alternate complete cycle of the alternating current supply not
overlapping with the operating complete cycles of the first heating element and the

motor turned on during every alternate positive half-cycle and at the first speed,

Fig. 8 is another waveform diagram showing the relative operating timing
of the hair dryer with the first heating element turned on during every negative (or
lower) half-cycle of the alternating current source, the second heating element
turned on during every positive (or upper) half cycle of the alternating current
supply and the motor always turned on during each and every half-cycle of the

alternating current source and at a second, higher, speed,

Fig. 9 is a schematic waveform diagram generally showing the operating
timing of the hair dryer of Fig. 1 with the first and second heating elements
respectively turned on during every alternate complete cycle of the alternating
current supply and the motor always turned on during each and every half-cycle of

the alternating current source at the second, higher, speed,
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Fig. 10 is another waveform diagram showing the relative operating timing
of the hair dryer with the first heating element turned on during every cycle of the
alternating current source, the second heating element turned on during every
alternate complete cycle of the alternating current supply and the motor always
turned on during each and every half-cycle of the alternating current source and at

the second, higher speed,

Fig. 11 is a schematic waveform diagram generally showing the operating
timing of the hair dryer of Fig. 1 with the first heating elements always turned on
during each and every complete cycle of the alternating current supply, the second
heating element turned on during each alternate cycle of the alternating current
supply, and the motor always turned on during each and every half-cycle of the

alternating current source at a second, higher, speed,

Fig. 12 is a schematic waveform diagram generally showing the operating
timing of the hair dryer of Fig. 1 with the first and second heating elements always
turned on during each and every complete cycle of the alternating current supply
and the motor always turned on during each and every half-cycle of the alternating

current source at a second, higher, speed,

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to Figs. 1A, and 1C, there are shown sectional views of a hair
dryer 1 embodying the present invention. In Fig. 1C, there is shown a schematic

circuit diagram showing an example of a preferred circuit arrangement for the hair
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dryer of Figs. 1A and 1B. The hair dryer 1 includes a main housing 10 with a
barrel 11 and a handle 12. The electrical circuitry includes a first heating element
20, a second heating element 30, a motor 40, a motor driven fan 41, user control
interfacing means 50 including a speed control switch 51 and a heating power
control switch 52, and controlling means which is a micro-controller 60 in the
present embodiment. The controlling means and other peripheral or related

circuitry can be mounted or connected to a printed circuit board 69.

Each of the first heating element 20 and the second heating element 30 is
independently connected to the micro-controller 60 via a switching device which is
a triac for the purpose of illustration in this embodiment. Of course, other
appropriate switching devices may also be used. The motor may, for example, be a
DC motor connected with a third heating element 70 so that the total potential drop
across the motor 40 and the third heating element 70 is equivalent to the voltage

output of the rectifying circuit without the need of further voltage adjustment.

The motor or fan speed control in the present embodiment is by way of a
selectable switch 51 having, for example, “off”, “speed1” and “speed2” settings.
The motor 40 is set to run at its highest speed when the switch is at the “speed2”
setting and will be at stand-still when set to the “off” position. The motor speed is
intermediate between standing-still and the highest speed when at the “speedl”
setting. The speed control at “speed1” is achieved by a serially connected diode 53

between the motor 40 and the power supply circuit. When the motor speed switch

51 is set to the “speedl” setting for a reduced speed, only the positive half-cycles
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of the alternating power supply will flow into the rectifying bridge. As a result, the

motor will operate at a reduced power and therefore at a lower speed.

The heating power control switch 52 includes a plurality of power output
settings corresponding to a plurality of heating power output levels. The micro-
controller 60 controls the heating power output level by detecting the instantaneous
position of the heating power control switch or selector 51 and sends out actuation
signals to the switches connected with the heating elements to selectively actuate
the heating elements to obtain a wide range of heating power variation. The actual
operation of the heating elements is controlled by the micro-controller 60, for
example, via the switching devices 61, 62 according to pre-determined manners
programmed in the micro-controller. Specific examples of power control by such

selective actuation will be explained below.

General principles of operation of the present invention will be explained in
further details by referring to the schematic waveform or timing diagrams showing
the relative operating timing of the first heating element, the second heating
element and the motor. In the accompanying waveform diagrams, the following

legend generally applies:-
1. vertical hatched line means the motor is in operation,

2. hatched lines extending upwards from left to right indicates the first

heating element (heater “a” in drawing) in operation,
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3. hatched lines moving downwardly from left to right indicates the

second heating element (heater “b” in drawing) in operation,

4. combined hatched lines means simultaneous operation of components

represented by their respective hatched lines.

Referring to Figs. 2 to 7, there are shown a series of timing or waveform
diagrams in which the motor 40 of the hair dryer is set to operate at “speedl”
(slow). It will be appreciated that, when the speed control is set at speedl, the
power supply to the motor is serially connected via a diode (D4) so that only
positive half-cycles of the alternating current power supply can pass through the

diode to operate the motor.

In the specific operating conditions of Fig. 2, the heating power level is set
to “low” and the first heating element 20 is actuated during the negative half-cycles
(lower half-cycles) of the alternating current supply during which the diode D4 1s

not conducting.

In this specific low heating power configuration, the micro-controller 60
does not activate the switching device 62 connected to the second heating element
30. On the other hand, the micro-controller will activate the first heating element
20 during the negative half-cycles of the power supply by actuating the switching
device 61 at the beginning of the negative half-cycles. This is done by detecting the
negative zero-crossing of the alternating current power supply and sending out

actuation signals to the switching device 61 at the appropriate time. This
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distributed operation of the motor 40 and the first heating element 20 by allowing
conduction during alternate half-cycles of the alternating current supply helps to
reduce the power level differences between adjacent half-cycles of the alternating
current supply and this has helped to alleviate adverse harmonics. It has also been
observed that activation of the devices, namely, the motor and the heating element
at the beginning or the zero-crossing points of the alternating current supply
waveform plays an important role in alleviating adverse effects due to the
harmonics. Naturally, the conduction angles of triacs need to be considered

although it is desirable to activate the devices at the zero-crossing points.

Referring to Fig. 3, the motor is still set to operate at “speed1”. In this
configuration, only the first heating element 20 is operated to provide a low
heating power output by a different operating timing. In order to reduce the overall
heating power output of the device, the first heating element 20 is actuated during
every alternate complete cycle of the power supply and no heating element is
actuated during the next alternating power cycle. Thus, in this configuration, the
motor 40 and the first heating element 20 will operate simultaneously during
alternate positive half-cycles of the operation of the motor. In other words, the
motor 40 operates at every positive half-cycles while the first heating element 20
and the motor 40 will simultaneously operate during every fourth positive half-

cycle of the alternating current supply cycle.

Referring to Fig. 4, the motor operating conditions are generally identical to

that of Figs. 2 and 3 while an increased heating power output level is required. In
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this configuration, the first heating element 20 is actuated during each of the lower
or negative half-cycles of the alternating current supply and the second heating
element 30 is actuated during each alternate upper or positive half-cycles. It will
be appreciated that the aggregate of the power output in this configuration will be
higher than that of Figs. 2 and 3 because of the more extensive actuation timing of
the first 20 and second 30 heating elements. It will also be appreciated that the
second heating element will operate simultaneously with the motor during each

alternative positive half-cycles.

Referring now to Fig. 5, the motor speed is still set at “speeed1” and the
heating power output is at a medium level. In this configuration, it will be noted
that the operating pattern of the first heating element 20, the second heating
element 30 and the motor 40 will repeat itself after every sixth half-cycle of the
alternating current power supply. It will also be noted that, in this configuration,
each of the heating elements will be actuated during 1/3 of the time of the
alternating power supply and there is a distribution of the actuation timing to make

the power requirement more evenly distributed.

Referring to Fig. 6, the motor is still set with “speed1”. In this
configuration, the heating power output corresponds to the “high” level and it will
be observed from this Figure that the first heating element 20 is actuated during
each negative half-cycle of the alternating current supply while the second heating
element 30 is actuated during each upper half-cycle of the alternating current

supply. As the heating elements are actuated during alternate half-cycles, the
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power usage during adjacent half-cycles is generally similar since the power
consumption by the motor is usually lower than that of the heating elements. As a
result, adverse harmonics can be substantially reduced by the distribution of the
actuation timing of the heating elements with a reduced non-dissipative power

reduction.

Referring to the timing diagram of Fig. 7, it will be noted that the first
heating element 20 is turned on during every alternate complete cycle of the
alternating current source and the second heating element 30 is turned on during
the next alternate complete cycle of the alternating current supply when the first
heating element is not turned on similar to the operating conditions in the previous
Figures. The motor 40 is turned on during each and every positive or upper half-
cycle of the alternating current supply. As explained before, the heating elements
are generally of a higher power rating than the motor 40. As a result, this
distribution in heating power actuation generally reduces the power differences
between adjacent power cycles and the resulting adverse harmonics will be

alleviated.

Referring to Figs. 8-12, the motor is now set to operate at “speed2", i.¢. at a
higher speed. In this configuration, the motor obtains its power from the full
alternating power supply via a full-wave rectifier. Thus, it will be noted that the
motor is supplied with operating power during each and every half-cycles of the

alternating current supply. In the specific operation of Fig. 8, the first and second
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heating elements operate respectively at the lower and upper half-cycles of the

current supply.

Referring to Fig. 9, it will be appreciated that the heating elements are
actuated at alternate non-overlapping complete full cycles of the alternating current
supply. In other words, when the first heating element 20 is actuated during a full
cycle comprising consecutive upper and lower half-cycles, the second heating
element 30 is turned off during this full cycle. During the next complete full cycle,
the second heating element 30 is turned on while the first heating element 30 is

turned off.

Referring to Fig. 10, it will be appreciated that the first heating element 20
is turned on during every cycle of the alternating current source and the second
heating element is turned on during every alternate complete cycle of the
alternating current supply. This arrangement provides heating power output which
is near the maximum power output available from the device when both the first 20

and the second 30 heating elements are always turned on.

Referring to Fig. 11, there is shown a further alternative heating power
output arrangement. It will be noted in this configuration that the actuation of the
heating elements are substantially identical to that of Fig. 10, although the second
heating element 30 is now always turned on while the first heating element is only
turned on during each alternate complete cycle of the alternating current supply.
Of course, the operating timing and conditions of the first and second heating

element can be reversed without loss of generality.
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Fig. 12 shows the operational configuration when the hair dryer 1 is at the
maximum heating power output when both the first 20 and second 30 heating

elements are turned on all the times.

In another preferred embodiment, the hair dryer is a generally identical to
the hair dryer of Figure 1 except that only a single switchable heating element
(corresponding to the first heating element of the hair dryer 1) is provided instead
of two as in the case of the embodiment discussed above. In this embodiment, the
heating power can be varied by selective actuating the heating element during
predetermined half cycles of the alternating current supply and by beginning to
supply power to the heating element at or near the beginning or the zero-crossing
point of the alternating current supply to alleviate adverse harmonics. Similarly, the
motor speed can be reduced by selective actuating the motor during predetermined
half cycles of the alternating current supply and by beginning to supply power to
the motor at or near the beginning or the zero-crossing point of the alternating

current supply, also to alleviate adverse harmonics.

It will be noted from the circuit diagram of Fig. 1 that the third heating
element 70, which is serially connected with the motor, is always turned on when
the motor is turned on. This serial connection of the third heating element 70 to
the motor 40 is provided to equalize the potential differences between the
rectifying circuit output and the motor voltage rating to avoid the need of

additional voltage adjusting means.
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In general, it should be noted that it is highly desirable that the higher
power consumption devices, including the heating elements and the motor, are
preferably triggered, activated or actuated at the beginning or the zero-crossing
instant or point of the alternating current cycles or half cycles to alleviate adverse

harmonics.

While the present invention has been explained by reference to the
preferred embodiments and operation configuration described above, it will be
appreciated that the embodiments are only examples provided to illustrate the
present invention and are not meant to be restrictive on the scope and spirit of the
present invention. More specifically, while the present invention has been
explained by reference to hair dryers, it should be appreciated that the invention
would be applicable, whether with or without modifications, to other alternating
current devices such as hair blowers, fan heaters and the like. This invention
should be determined from the general principles and spirit of the invention as

described above.

In particular, variations or modifications which are obvious or trivial to
persons skilled in the art, as well as improvements made on the basis of the present
invention, should be considered as falling within the scope and boundary of the
present invention. Furthermore, while the preseni invention has been explained by
reference to a hair dryer, it should be appreciated that the invention can apply,
whether with or without modification, to other personal care device. More

specifically, the present invention also at least provide a solution to overcoming the
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difficulty in overcoming EMC in non-dissipative power reduction arrangements by

means of power actuation techniques generally described above.
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CLAIMS

An alternating current operated personal care device including a main
housing, user control interfacing means, controlling means, a motor, air
driving means and at least a first heating element, said alternating current
being characterised by a sequence of consecutive positive and negative half-
cycles of a pre-determined frequency, said first heating element being
independently switchable by said controlling means, said user control
interfacing means provide means for a user to vary the heating power level of
said device, said heating power level being variable by selectively supplying
power to said first heating element during pre-determined half-cycles of said
alternating current by actuating said first heating element at or near the
beginning or zero-crossing point of the said pre-determined half-cycles of

said alternating current.

A personal care device according to claim 1, wherein said user control
interfacing means further include means for a user to vary the motor speed of
said device, said motor speed being variable by selectively supplying power
to said motor during pre-determined half-cycles of said alternating current by
actuating said motor at or near the beginning or zero-crossing point of the

said pre-determined half-cycles of said alternating current.

A personal care device according to claim 1, further including a second

heating element, wherein said heating power level being variable by
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selectively supplying power to said first heating element, said second heating
element or a combination of said first and said second heating elements
during pre-determined half-cycles of said alternating current, said first
heating element, said second heating element or said combination of heating
elements being actuated at or near the beginning or zero-crossing point of the

said pre-determined half-cycles of said alternating current.

A personal care device according to any one of claims 1, 2 or 3, wherein the
heating power level of said device can be reduced by distributing the
operating current of said heating elements among pre-determined half-cycles
of said alternating current to reduce the overlapping between the operation of

said heating elements.

A personal care device according to any one of claims 1, 2 or 3, wherein the
heating power level of said device can be reduced by distributing the
operating current of said heating elements and said motor among pre-
determined half-cycles of said alternating current to reduce the overlapping

between the operation of said motor and said heating elements.

A personal care device according to any one of claims 1, 2 or 3, wherein said
user control interfacing means include a plurality of pre-defined settings S0
that a user can select a heating level and a fan speed, said heating level being
selectable between a maximum heating level and a plurality of non-
maximum heating levels, said fan speed being selectable between a

maximum speed and at least a non-maximum speed,
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11.

said controlling means being configured so that when said user control
interface is set at a pre-determined non-maximum heating level, said first
heating element is actuated during pre-determined half-cycle intervals of the
alternating current source and said motor is actuated during pre-determined
half-cycles including during half-cycles when said first heating element is

not actuated.

A personal care device according to claim 6, wherein, at another pre-defined
setting of said user control interfacing means, said motor is also actuated
during some pre-determined half-cycles during which said first heating

element is being actuated.

A personal care device according to claim 6, wherein, at another pre-defined
setting of said user control interfacing means, said second heating element is
actuated at pre-determined half-cycles during which said first heating

element is non-actuated.

A personal care device according to claim 6, wherein, at another pre-defined
setting of said user control interfacing means, said motor operates at half-

cycles during which both said first and second heating elements are actuated.

A personal care device according to claim 6, wherein, at another pre-defined
setting of said user control interfacing means, each said first and said second

heating element is serially connected with a switching device.

A personal care device according to claim 10, wherein said switching device

is a triac.
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A personal care device according to any one of claims 1, 2 or 3, wherein
neither heating elements nor said motor operate during some of the half-

cycles of said alternating current source.

A personal care device according to any one of claims 1, 2 or 3, wherein a

third heating element is serially connected with said motor.

A personal care device according to any one of claims 1, 2 or 3, wherein said

device is a hair care device such as a hair dryer, a hair blower or the like.

A non-dissipative power variation scheme for use with an alternating current
source, said scheme includes the utilization of user control interfacing
means, controlling means, a motor, air driving means and at least a first
heating element, said alternating current being characterised by a sequence of
consecutive positive and negative half-cycles of a pre-determined frequency,
said first heating element being independently switchable by said controlling
means, said user control interfacing means provide means for a user to vary
the heating power level of said device, said heating power level being
variable by selectively supplying power to said first heating element during
pre-determined half-cycles of said alternating current by actuating said first
heating element at or near the beginning or zero-crossing point of the said

pre-determined half-cycles of said alternating current.

A non-dissipative power variation scheme according to claim 15, wherein
said user control interfacing means further include means for a user to vary
the motor speed of said device, said motor speed being variable by

selectively supplying power to said motor during pre-determined half-cycles
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of said alternating current by actuating said motor at or near the beginning or
zero-crossing point of the said pre-determined half-cycles of said alternating

current.

A non-dissipative power variation scheme according to claim 15, further
including a second heating element, wherein said heating power level being
variable by selectively supplying power to said first heating element, said
second heating element or a combination of said first and said second heating
elements during pre-determined half-cycles of said alternating current, said
first heating element, said second heating element or said combination of

heating elements being actuated at or near the beginning or zero-crossing

A non-dissipative power variation scheme according to claim 15, wherein the
heating power level of said device is reduced by distributing the operating of
said heating elements among half-cycles of said alternating current to reduce

the overlapping between the operation of said heating elements.

A non-dissipative power variation scheme according to claim 15, wherein the
heating power level of said device is reduced by distributing the operating of
said heating elements and said motor among half-cycles of said alternating
current to reduce the overlapping between the operation of said motor and

said heating elements.

A non-dissipative power variation scheme according to claim 15, wherein
said motor is operated during pre-determined selective half-cycles to reduce
speed, said motor being actuated at or near the beginning or zero-crossing

point of said alternating current.
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