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(54) Title: A HAIRDRYER
(57) Abstract

A hairdryer comprises a casing (1) defining an air
inlet (2) and an air outlet (4) with a fan (7) for blowing
air out of the casing (1) via the outlet (2). An electrical
element (9) heats the air prior to its egress from the casing
(1) and a temperature sensor (10) is located adjacent the outlet
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(4) to monitor the temperature of the egressing air. The
temperature sensor (10) is linked to a microprocessor (16)
which controls operation of the heating element (9) dependent
on information received from the sensor (10) whereby, below
a predetermined upper threshold, the temperature of the air
egressing from the casing (1) is kept substantially constant
at a level set by a user independently of the rate of flow of
the air through the casing (1). Thus, the hairdryer has closed
loop contro! and can, within predetermined limits, maintain
the output air temperature stable within a few degrees of that
selected by the user irrespective of the air throughput.
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A HATRDRYER

The present invention relates to hairdryers and in

particular but not exclusively to hairdryers which are hand
held.

Conventionally, hand held hairdryers are provided with
controls capable of adjusting the power or the throughput
of air in discrete increments, the number of increments
being restricted by the number of switch points available.
There are also hairdryers with stepless rotary control
switches which give an increased number of power /throughput
combinations. However, the air throughput control in such
hairdryers is invariably linked at some point to the power

control to prevent over-heating.

The object of the present invention is to provide a
hairdryer which, within predefined limits, can deliver air
at a wuser-selected temperature regardless of the air

throughput.

According to the present invention there is provided a
hairdryer comprising a casing defining an air inlet and an
air outlet, a means for blowing air out of the casing via
the outlet, and a means for heating the air prior to its
egress from the «casing, and characterised in that a
temperature sensor 1is provided adjacent the outlet to
monitor the temperature of the egressing air, and a means
is provided for controlling operation of the heating means
and to which the temperature sensor is linked whereby,
below a predetermined upper threshold, the temperature of
the air egressing from the casing is kept substantially
constant at a level set by a user independently of the rate
of flow of the air through the casing.

Preferably, between predetermined limits, the rate of
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flow of air through the outlet can be set at a desired’

level by a user.

Preferably also, below said predetermined upper
threshold and within said predetermined limits, the levels
set by the user for the temperature of the air and for the
rate of flow of the air are independently infinitely

variable.

Thus, the hairdryer has closed ioop control and can,
within the predetermined limits, maintain the output air
temperature stable within a few degrees of that selected by

the user irrespective of the air throughput.

In a second embodiment, a second temperature sensor is
preferably provided and linked to the control means to
monitor the temperature of the air before its passage over

the heating means

Preferably also, the air 1inlet is covered by a
removable filter.

Preferably also, a warning means is provided which is
operated by the control means if the rate of rise in the
temperature detected by the second temperature sensor is
such as to indicate that a restricted air flow is passing
through the casing. Such a warning means would normally
indicate that the inlet filter is clogged.

The present invention will now be described by way of
example with reference to the accompanying drawings in

which:-

Fig. 1 is a cross section through a first embodiment

of a hairdryer according to the invention:
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Fig. 2 is an electronic logic circuit of a control

means forming part of the hairdryer shown in Fig. 1;

Fig. 3 is an electronic logic circuit of a control
means forming part of a second embodiment of hairdryer
according to the present invention;

Fig. 4 is a schematic circuit diagram of the control

means for the second embodiment of hairdryer; and

Fig. 5 is a graph showing variations in air flow
temperature and power consumption over time of a
hairdryer according to the invention when in use under test

with various control settings.

As shown in Fig. 1, a hairdryer according to the
invention comprises a two-part casing 1 defining an air
inlet 2, which is covered by a removable, part-spherical
grille 3, and air outlet vents 4. The air inlet is covered
by a filter 5, which can be cleaned or replaced by removing
the grille 3, the rim of which is push-fitted into a

complementary bayonet groove 6 formed in the casing 1.

Between the air inlet 2 and the air outlet vents 4 are
located a fan 7 powered by a co-axial motor 8 and an
electrical element 9. The element 9, in conventional

" fashion for a hairdryer, comprises a bank of coiled

electrical resistance wires over which air is blown by the
fan 7 and thereby heated before egressing through the
outlet vents 4.

A temperature sensor 10 is located adjacent the outlet
vents 4 so that the temperature of the air egressing from
the hairdryer can be measured. In a second embodiment of
the invention, as is further described below, a second
temperature sensor 10' (shown schematically in Fig. 4) is
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located at the édge of the bank between the element 9 and
the motor 8.

The casing 1 also defines a handle 11 on which are
conveniently located various user-operated controls 12, 13,
14, 15 for the hairdryer. Within the handle 11 is also
located electrical circuitry (not shown) which is linked to
the temperature sensor 10 for controlling operation of
the motor 8, and thereby the fan 7, and the element 9. An
electronic control means 16 incorporéting' a programmable
microprocessor, which forms part of the electrical

circuitry, is also located within the handle 11.

At the base of the handle 11 are provided coaxial
channels 17 and 18 through which the two parts of the
casing 1 can be secured together by an appropriate
fastener. Similarly, a third channel 19 is provided through
which a fixing means can be located for attachment of an
end cap 20 for closing off the base of the handle 11. The
end cap 20 is provided with an integrally formed loop 21 by
which the hairdryer can be hung from a hook when not in

use.

The hairdryer is intended to be powered in
conventional fashion by a mains electricity supply. Two, 12
and 13, of the controls are of the push-button type and
comprise respectively an on/off latching switch 12 for the
electrical power supply to the hairdryer and a "cool shot"
non-latching switch 13, as will be described.

The other two controls 14 and 15 comprise rotary
sliding controls for control of the output air temperature
and the fan speed respectively. The controls 14 and 15 are
slidable over approximately 130°and between end stops
defining wupper and lower limits their positions are

infinitely variable. Thus, within these predetermined
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limits, the temperature of the output air and rate of air
flow out of the outlet vents 4 are also infinitely variable
by the user.

The "cool shot" switch 13 is provided so that at any
time during operation of the hairdryer the user can switch
off the power supply to the element 9 and demand full air
output without altering the settings of the temperature
control 14 or the fan speed control 15. This enables the
user to blast the hair with air at ambient temperature,
which is useful for setting curls. Thereafter, if it is
desired to use warm air again, the switch 13 can be used to
restore power to the element 9 to produce the same air

temperature and fan speed as before.

As the user can set the required air output
temperature- and the fan speed independently, the control
means 16 is required to determine, for any given settings
of the switches 14 and 15, the power output of the element
9.

In a first embodiment, as shown in Fig. 1, the control
means 16 is programmed to operate with a logic circuit as
shown in Fig. 2. Here, when the hairdryer is switched on,
as indicated at box 100, readings from the temperature
sensor 10 are first wused by the control means 16 to
determine if there is sufficient airflow through the casing
(box 106). If the air inlet 2 is for any reason blocked,
for example if the grille 3 is covered or the filter 5
badly choked, then the temperature of the air surrounding
the sensor 10 rises very quickly and much more rapidly than
under normal circumstances when there is an adequate air
flow produced via the fan 7. The rate of rise in the
temperature is also deduced by the control means 16 from
the readings supplied by the sensor 10 and if this rate is
above normal rates, then the power supplied to the element
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9 1is cut off. Such an occurrence is indicated by the
pathway from box 106 to box 107.

However, under normal circumstances the airflow will
be sufficient to keep the temperature within the casing at
an acceptable level and the control means 16 then uses
readings from the temperature sensor 10 to determine
whether the output air temperature is as set by the user
(box 101). If it 1is, then the temperature 1is simply
continuously monitored to ensure that it remains as set
(box 102). If at any time the temperature is not as set by
the user, then it 1is determined whether it is higher or
lower than required (box 103) and the power supplied to the
element 9 is thereby adjusted accordingly (box 104 or box
105). )

It will be appreciated that this logic circuit
operates, within predetermined limits, regardless of the
fan speed set by the user. Should the fan speed be
adjusted during operation then, if the rate of air flow is
increased, the temperature of the air detected by the
temperature sensor will fall as more air is passed over the
element 9 so the power supplied to the element can be
appropriately increased. Alternatively, if the rate of air
flow is decreased, the temperature of the air detected by
the temperature sensor will rise as less air is passed over
the element 9 so the power supplied to the element can be

appropriately reduced.

Similarly, if the hairdryer is used with attachments
such as a diffuser or a nozzle, then the flow of the air
egressing from the outlet vents 4 is restricted and its
temperature will rise. In these circumstances, the rise
will be detected by the sensor 10 and the power supplied to
the element 9 can be suitably reduced.
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The upper threshold can be set as appropriate for type
of hairdryer in question but a suitable threshold for most
purposes would be around 85°C. However, for safety reasons,
the temperature of the element 9 must be also monitored in
case it rises above a predetermined threshold when the
radiant heat produced could endanger the casing 1. Above
this predetermined upper limit, the control means 16 always
operates to reduce the power supplied to the element 9 to
reduce the air temperature to just below the limit.

In a modification, as temperature control via the
control means 16 depends on there being an airflow over the
temperature sensor 10, a self-resetting thermal cut-out
(not shown) is located within the element 9 and operates to
cut off the power supply to the element 9 and the motor 8
if the temperature within the hairdryer ever rises above a
predetermined level, which 1is well above the upper

predetermined threshold described above.

In the second embodiment of the hairdryer, fuzzy logic

. can be employed to program the controcl means 16. The

presence of the second temperature sensor 10', which 1is
also linked to the control means 16, permits the control
means 16 to be programmed to make more detailed deductions
about the rate of air flow over the element 9. A suitable
logic circuit for this purpose is shown in Fig. 3. Here it
will be seen that steps shown in boxes 101 to 105 are
identical to those in Fig. 2 but the initial steps shown in
boxes 106 and 107 in Fig. 2 are missing. These steps are
replaced by two further steps inserted between box 100 and
box 101. A first (box 108) of these steps determines
whether the air flow over the element 9 is sufficient to
prevent the temperature of the element 9 rising dangerously
high. This leads to box 109 if the air flow is insufficient
and in these circumstances the power to the element is

reduced to zero. In the alternative, should the air flow be
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sufficient a further step (box 110) determines whether the
air flow is acceptable. If a restricted or partial air flow
is deduced, then this is indicative of a blocked filter 5
and a warning light 22 (see Fig. 4) incorporated in the
electrical circuitry of this embodiment can be switched on
to alert the user (box 111). In either circumstance, the
next step is as indicated in box 101 and the following

circuit operates as previously described for Fig. 2.

As shown 1in Fig. 4, which illustrates a schematic
circuit diagram of the control means 16 for this second
embodiment of hairdryer, inputs 23, 24, 25, 26 are
received, each via one of a series of analog-to-digital
converters 27, from the temperature sensor 10, the
temperature control 14, the air speed control 15, and the
temperature sensor 10' respectively. Programmed into the
control means 16 is a bank of predetermined information 28
which provides internal references in the form of second
inputs 29, 30 for comparators 31, 32 respectively. The
comparator 31 compares an input signal indicative of the
air speed control setting made by the wuser with the
internal reference signal 29 indicative of the actual rate
of air flow through the casing 1. The comparator 31 is
designed to provide an appropriate output signal to control
the power supplied to the motor 8 via one of a series of
output digital-to-analog converters 33. The comparator 32
compares the input signal from the temperature sensor 10°',
which is indicative of the air intake temperature, with the
internal reference signal 30. If this air intake
temperature is above a predetermined value, as programmed
into the information bank 28, then this is indicative of a
reduced air intake which is typically caused by a clogged
filter 5 and the comparator 32 operates to output a signal
to the warning light 22 via a digital-to-analog converter
33.
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The inputs 23, 24 received via analog-to-digital
converters 27 from the temperature sensor 10 and the
temperature control 14 form the inputs to a comparator 34.
This comparator 34 determines the difference between the
two inputs and their relative level and produces an output
signal which is input to a logic converter 35. The logic
converter 35 also receives input from the information bank
28 and is programmed so as to be capable of producing an
oufput signal to control operation of a current regulating
circuit 36, such as a TRIAC, for the air heating element 9

via a digital-to-analog converter 33.

The logic converter 35 comprises fuzzy logic circuitry
and is capable of determining the rate of change of the
output air temperature and its variance from the desired
temperature set by the user. Using predetermined
information from the bank 28, the logic converter 35 is
then able to control its output signal whereby the TRIAC 36
is appropriately controlled to maintain the air output
temperature as close as possible to that set by the user.
As previously described, should the rate of rise in the
temperature indicated by the sensor 10 be above normal
predetermined rates as stored in the bank 28, then the
logic converter 35 operates to cut off all power to the
TRIAC 36.

An output from the "cool shot" switch 13 is also input
directly to the logic converter 35. Should the "cool shot"
function of the hairdryer be operated by the user, this is
detected by the logic converter 35 which can again operate
to cut off all power to the TRIAC 36 for as long as the
switch 13 is operated by the user. Thereafter, control of
the TRIAC 36 dependent on the output received from the

comparator 34 is resumed by the converter 35.

Thus, during normal operation of the hairdryer, the
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control means 16 operates to vary the power supplied to the
element 9 according to settings of the temperature control
switch 14 and the fan speed switch 15 determined by the
user. Fig. 5 is a graph showing the variation in air flow
temperature at a fixed distance close to but spaced from
the hairdryer outlet (the solid 1line), the ambient
temperature (the dotted and dashed line), and the power
consumption (the dashed line) over time of the hairdryer
when in use under test conditions with various control
settings. The graph takes the form vof a contemporaneous
printout of the test results with the temperature and
wattage being dual scales along the abscissa and time being
the scale along the ordinate. Various aspects of this graph

will now be described.

The test commences at point A with the hairdryer
switched off so the power consumption is zero. Then at
point B the hairdryer is switched on with control settings
for a low fan speed and a low air temperature. Here it can
be see that the power consumption rises instantaneously to
around 510 watts then falls back very slightly to remain
constant at around 465 watts. The temperature of the air
egressing from the hairdryer also rises very quickly to
around 41°C and then remains substantially constant.

At point C the temperature control of the hairdryer is
moved from low to high. As would be expected, the power
consumption of the hairdryer rises virtually
instantaneously to around 1135 watts and then remains
constant. Likewise the temperature of the air also rises
quickly to around 90°C and again remains substantially

constant.

At point D the fan speed control of the hairdryer is
switched from the low setting to a high setting but the

temperature control is left untouched. It can be seen that,
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11
as required, the temperature of the air remains
substantially constant at 90°C. However, the power

consumption of the hairdryer increases to around 1380 watts
in order to supply more power to the motor 8 to raise the
fan speed and also to increase the temperature of the
element to compensate for the fact that a greater air flow

is now passing over it.

At point E the controls of the hairdryer are again
adjusted, this time to reduce both the temperature and fan
speed to medium settings. The power consumption then drops
immediately to 795 watts before rising slightly to around
828 watts before remaining substantially constant. The
temperature also drops to just below 60°C where it again

remains substantially constant.

At point F the controls of the hairdryer are left
untouched but the air outlet of the hairdryer is partially
restricted, for example to simulate use of an air diffuser
or nozzle. At this point, the power consumption immediately
drops to around 613 watts to take into account the fact
that in order to keep the air temperature constant the
element 9 needs to cool as the air flow over it has been
slowed down. In contrast, the temperature reading shows a
small upward spike as the air flow is restricted and then

returns very quickly to its previous level around 60°C.

Finally, at point G the air outlet of the hairdryer
is further restricted. Again the air temperature registers
a small upward spike and then falls back to a constant
level but to compensate for the further restriction in air
flow, the power consumption of the hairdryer falls to
around 510 watts.

Thus it can be seen that the hairdryer of the
invention operates to keep the temperature of the air
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egressing from the casing at a substantially constant
level, as set by the user, independently of the rate of
flow of the air through the outlet. The control means 16
comprising a programmable microprocessor operates to
control the power consumption of the hairdryer to make this
possible thus also enabling the fan speed to be set by the

user as required.



10

15

20

25

30

35

WO 95/31915 PCT/GB95/01116

13

CLAIMS

1. A hairdryer comprising a casing (1) defining an air
inlet (2) and an air outlet (4), a means (7,8) for blowing
air out of the casing (1) via the outlet (4), and a means
(9) for heating the air prior to its egress from the casing
(1), and characterised in that a temperature sensor (10)
is provided adjacent the outlet (4) to monitor the
temperature of the egressing air, and a means (16) is
provided for controlling operation of fhe heating means (9)
and to which the temperature sensor (10) is linked whereby,
below a predetermined upper threshold, the temperature of
the air egressing from the casing (1) is kept substantially
constant at a level set by a user independently of the rate
of flow of the air through the casing (1).

2. A hairdryer as claimed in Claim 1, characterised in
that, between predetermined limits, the rate of flow of air
through the outlet (4) can be set at a desired level by a
user,

3. A hairdryer as claimed in Claim 2, characterised in
that below said predetermined upper threshold and within
said predetermined limits, the levels set by the user for
the temperature of the air and for the rate of flow of the
air are independently infinitely variable.

4. A hairdryer as claimed in any one of Claims 1 to 3,
characterised in that the control means (16) compares a
signal indicative of the temperature detected by the
temperature sensor (10) with a signal indicative of the
temperature set by the user and varies the power supplied
to the heating means (9) in order to keep the temperature
of the air egressing from the casing (1) substantially
constant at the level set by the user.
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5. A hairdryer as claimed in any one of Claims 1 to 4,
characterised in that the control means (16) operates to
determine the rate of rise in the temperature detected by

the temperature sensor (10).

6. A hairdryer as claimed in Claim 5, characterised in
that the control means (16) cuts off the power supply to
the heating means (9) if the rate of rise in the
tgmperature detected by the temperature sensor (10) is

above a predetermined level.

7. A hairdryer as claimed in any one of Claims 1 to 6,
characterised in that the control means (16) compares a
signal indicative of a desired rate of flow of the air
through the casing (1) with a reference signal indicative
of the actual rate of flow of air through the casing (1)
and varies the power supplied to the blowing means (7, 8)
in order to keep the rate of air flow substantially

constant at the level set by the user.

7. A hairdryer as claimed in any one of Claims 1 to 6,
characterised in that a thermal power cut-out is provided
within the casing (1) which switches off the power supply
to the blowing means (7, 8) and to the heating means (9) if
the temperature within the casing rises above a second

predetermined threshold.

8. A hairdryer as claimed in any one of Claims 1 to 7,
characterised in that the air inlet (2) is covered by a

removable filter (5).

9. A hairdryer as claimed in any one of Claims 1 to 8,
characterised in that a second temperature sensor (10')is
provided and linked to the control means (16) to monitor
the temperature of the air before its passage over the

heating means (9).
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10. A hairdryer as claimed in Claim 10, characterised in
that a warning means (22) is provided which is operated by
the control means (16) if the rate of rise in the
temperature detected by the second temperature sensor (10')
is such as to indicate that a restricted air flow is

passing through the casing (1).

11. A hairdryer as claimed in any one of Claims 1 to 10,
characterised in that the control means (16) comprises a

fuzzy logic converter (35).

12. A hairdryer as claimed in any one of Claims 1 to 11,
characterised in that the control means comprises a

programmable microprocessor.
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