wo 2020/053553 A1 |0 0000 KO Y0000 0 0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
19 March 2020 (19.03.2020)

(10) International Publication Number

WO 2020/053553 Al

WIPO I PCT

(51) International Patent Classification:
A45D 20/12 (2006.01) A45D 20/30 (2006.01)

(21) International Application Number:
PCT/GB2019/052473

(22) International Filing Date:
05 September 2019 (05.09.2019)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

1814658.9 10 September 2018 (10.09.2018) GB

(71) Applicant: DYSON TECHNOLOGY LIMITED
[GB/GB]; Tetbury Hill, Malmesbury Wiltshire SN16 ORP
(GB).

(72) Inventors: LOKE, Siew Ling; c/o Dyson Operations Pte
Ltd, #03-13/26, 2 Science Park Drive, Singapore Science
Park 1, Ascent, Tower B, Singapore 118222 (SG). NIU, Li;
c/o Dyson Operations Pte Ltd, #03-13/26, 2 Science Park

(74)

@81)

84

Drive, Singapore Science Park 1, Ascent, Tower B, Singa-
pore 118222 (SG).

Agent: FOWLER, Maria et al.; Intellectual Property
Department, Dyson Technology Limited, Tetbury Hill,
Malmesbury Wiltshire SN16 ORP (GB).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,

(54) Title: A METHOD OF CONTROLLING A HAIRCARE APPLIANCE

e
901

/

011

/

48!

/

!

Determine desired heater
lracc (cmperature

Comparc desired airflow
temperature to measured
airflow temperature

Y

[

Compare desired heater
trace temperature to
predicted heater trace

temperature

7

Output control signal

A

[

A

001

801

Predict predicted heater
|- trace temperature

™~zor

1

Fig. 3

Measure output
airflow temperature

(57) Abstract: Disclosed herein is a method (100, 200) of controlling a haircare appliance (10) comprising a heater (14). The method
(100, 200) includes measuring (102, 202) a temperature of output air of the haircare appliance (10) to obtain a measured output air
temperature. The method (100, 200) includes comparing (104, 204) the measured output air temperature to a desired output air tem-
perature. The method includes determining (106, 206) a desired heater temperature based on the comparison of the measured output
air temperature to the desired output air temperature. The method includes predicting (108, 210) a predicted heater temperature. The
method includes comparing (110, 212) the predicted heater temperature to the desired heater temperature. The method includes out-
putting (112, 214) a control signal based on the comparison of the predicted heater temperature to the desired heater temperature.

[Continued on next page]



WO 2020/053553 A 1[I0 000000 000 0000 0O

TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, IR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK, SM,
TR). OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))



10

15

20

25

30

WO 2020/053553 PCT/GB2019/052473

1

A METHOD OF CONTROLLING A HAIRCARE APPLIANCE

FIELD OF THE INVENTION

The present invention relates to a method of controlling a haircare appliance,
and more particularly to a method of controlling a haircare appliance comprising

a heater.

BACKGROUND OF THE INVENTION

Haircare appliances, for example hairdryers or hot styling brushes, typically
comprise a heater for heating air flowing through the appliance. It has
previously been proposed to control the heater of a haircare appliance such that

the temperature of air output by the appliance is kept at a desired level.

SUMMARY OF THE INVENTION

According to a first aspect of the present invention there is provided a method of
controlling a haircare appliance comprising a heater, wherein the method
comprises measuring a temperature of output air of the haircare appliance to
obtain a measured output air temperature, comparing the measured output air
temperature to a desired output air temperature, determining a desired heater
temperature based on the comparison of the measured output air temperature
to the desired output air temperature, predicting a predicted heater temperature,
comparing the predicted heater temperature to the desired heater temperature,
and outputting a control signal based on the comparison of the predicted heater

temperature to the desired heater temperature.

The method according to the first aspect of the present invention may be
advantageous principally as the method comprises determining a desired

heater temperature based on the comparison of the measured output air
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temperature to the desired output air temperature, predicting a predicted heater
temperature, comparing the predicted heater temperature to the desired heater
temperature, and outputting a control signal based on the comparison of the

predicted heater temperature to the desired heater temperature.

In particular, outputting a control signal based on the comparison of the
predicted heater temperature to the desired heater temperature may provide a
more responsive and/or more accurate system than, for example, a system
where a control signal is output solely based on a comparison of a measured
output temperature to a desired output temperature. Where a control signal is
output solely based on a comparison of a measured output temperature to a
desired output temperature, there may be a large time delay due to the thermal
masses of components of the heater. A large time delay may result in a large
overshoot of the desired temperature. By predicting the heater temperature, the
method according to the first aspect of the present invention may reduce any
time delay, and so may reduce the risk of temperature overshoot occurring in
use. Predicting a predicted heater temperature may also avoid the need to
measure the heater temperature, which may remove the need to use an
additional temperature sensor, and hence achieve a more responsive and/or

more accurate system for little or no additional cost.

Predicting a predicted heater temperature may comprise utilising a pre-
determined simulation or map or look-up table of heater parameters, for
example a pre-determined simulation or map or look-up table of heater
component thermal coefficients or the like. Predicting a predicted heater
temperature may comprise utilising a pre-stored look-up table of measured
output air temperature vs predicted heater temperature. This may be beneficial
as it may remove the need for a controller of the haircare appliance to perform
real time calculations, thereby reducing any delay and reducing the risk of

temperature overshoot.
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The method may comprise using the measured output air temperature to predict
the predicted heater temperature. Using the measured output air temperature
to predict a predicted heater temperature may avoid the need to utilise an
additional temperature sensor to measure the temperature of the heater, and
hence the additional cost and or/complexity of including an additional
temperature sensor may be avoided. By utilising an already measured
parameter, ie the measured output air temperature, a more responsive and/or

more accurate system may be achieved for little or no additional cost.

The control signal may comprise a power control signal for adjusting power
supplied to the heater. The control signal may comprise a heater timing
parameter, for example a parameter which defines when and/or how long for
power is supplied to the heater. The control signal may comprise a duty cycle,
for example a percentage of a cycle of a waveform of a power supply over
which power is supplied to the heater. The control signal may comprise a
phase angle, for example an angle of a waveform of a power supply at which a
switch of the heater begins to conduct power to the heater. The control signal

may control a switch, for example a TRIAC, of the heater.

The method may comprise increasing power supplied to the heater where the
predicted heater temperature is lower than the desired heater temperature
and/or decreasing power supplied to the heater where the predicted heater

temperature is higher than the desired heater temperature.

Determining a desired heater temperature based on the comparison of the
measured output air temperature to the desired output air temperature may
comprise calculating an error value corresponding to a difference between the
measured output air temperature and the desired output air temperature, and
calculating a desired heater temperature to offset the error value. Determining
a desired heater temperature based on the comparison of the measured output

air temperature to the desired output air temperature may comprise utilising a
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first control compensator, for example a first Pl (proportional integral) controller.
The first control compensator may comprise an input corresponding to an error
value that is a difference between the measured output air temperature and the
desired output air temperature, and the first control compensator may calculate

a desired heater temperature to offset the error value.

Outputting a control signal based on the comparison of the predicted heater
temperature to the desired heater temperature may comprise calculating an
error value corresponding to a difference between the predicted heater
temperature and the desired heater temperature, and calculating a control
signal to offset the error value. Outputting a control signal based on the
comparison of the predicted heater temperature to the desired heater
temperature may comprise utilising a second control compensator, for example
a second Pl controller. The second control compensator may comprise an input
corresponding to an error value that is a difference between the predicted
heater temperature and the desired heater temperature, and the second control

compensator may calculate a control signal to offset the error value.

An output of the first control compensator may comprise an input of the second
control compensator. The first and second control compensator may comprise

a cascaded control system, for example a cascaded PI control system.

The method may comprise a first control loop and a second control loop, the
first control loop comprising measuring a temperature of output air of the
haircare appliance to obtain a measured output air temperature, comparing the
measured output air temperature to a desired output air temperature, and
determining a desired heater temperature based on the comparison of the
measured output air temperature to the desired output air temperature, and the
second control loop comprising predicting a heater temperature, comparing the

predicted heater temperature to the desired heater temperature, and outputting
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a control signal based on the comparison of the predicted heater temperature to

the desired heater temperature.

The first control loop may comprise an outer control loop, and the second
control loop may comprise an inner control loop. The first control loop may be

slower than the second control loop.

The heater may comprise a heater trace, and the method may comprise
determining a desired heater trace temperature based on the comparison of the
measured output air temperature to the desired output air temperature,
predicting a predicted heater trace temperature, comparing the predicted heater
trace temperature to the desired heater trace temperature, and outputting a
control signal based on the comparison of the predicted heater trace
temperature to the desired heater trace temperature. This may be beneficial as
it may be difficult to place a temperature sensor on or in close proximity to a
heater trace, for example due to insulation requirements and manufacturability.
Thus by predicting a predicted heater trace temperature the need to attempt to
place a temperature sensor on or in close proximity to the heater trace may be

avoided.

Predicting a predicted heater trace temperature may comprise using the
measured output air temperature to predict a predicted heater trace
temperature. This may be beneficial as it may avoid the need to introduce a

further temperature sensor to predict the predicted heater trace temperature.

The heater may comprise a heat sink, and predicting a predicted heater trace
temperature may comprise using a measured heat sink temperature. This may
be beneficial over, for example, using the measured output air temperature, as
the airflow may impact on the accuracy of the temperature measurement, and
SO using a measured heat sink temperature may provide a more accurate

predicted heater trace temperature.
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The heater may comprise a ceramic plate to which the heater trace is attached,
and predicting a predicted heater trace temperature may comprise using a
measured ceramic plate temperature. This may be beneficial over, for example,
using the measured air output temperature, as the airflow may impact on the
accuracy of the temperature measurement, and so using a measured ceramic
plate temperature may provide a more accurate predicted heater trace
temperature. Furthermore, the ceramic plate may comprise a pre-existing
temperature sensor, for example for thermal safety reasons, and hence using a
measured ceramic plate temperature may provide a more accurate predicted
heater trace temperature without incurring the cost and/or complexity of an

additional temperature sensor.

The heater may comprise a plurality of heater traces, and the method may
comprise determining a desired average heater trace temperature based on the
comparison of the measured output air temperature to the desired output air
temperature, predicting a predicted average heater trace temperature,
comparing the predicted average heater trace temperature to the desired
average heater trace temperature, and outputting a control signal based on the
comparison of the predicted average heater trace temperature to the desired
average heater trace temperature. Predicting a predicted average heater trace
temperature may be beneficial as it may avoid the need to use multiple
individual temperature sensors, for example one for each heater trace. This
may provide a reduced cost relative to an arrangement which requires a

temperature sensor for each heater trace.

Predicting a predicted average heater trace temperature may comprise using
the measured output air temperature to predict a predicted average heater trace
temperature. This may be beneficial as it may avoid the need to introduce a
further temperature sensor to predict the predicted average heater trace

temperature.
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The heater may comprise a heat sink, and predicting a predicted average
heater trace temperature may comprise using a measured heat sink
temperature. This may be beneficial over, for example, using the measured air
output temperature, as the airflow may impact on the accuracy of the
temperature measurement, and so using a measured heat sink temperature

may provide a more accurate predicted average heater trace temperature.

The heater may comprise a ceramic plate to which the heater trace is attached,
and predicting a predicted average heater trace temperature may comprise
using a measured ceramic plate temperature. This may be beneficial over, for
example, using the measured air output temperature, as the airflow may impact
on the accuracy of the temperature measurement, and so using a measured
ceramic plate temperature may provide a more accurate predicted average
heater trace temperature. Furthermore, the ceramic plate may comprise a pre-
existing temperature sensor, for example for thermal safety reasons, and hence
using a measured ceramic plate temperature may provide a more accurate
predicted average heater trace temperature without incurring the cost and/or

complexity of an additional temperature sensor.

The control signal may comprise a power control signal for adjusting power
supplied to the heater trace. The control signal may adjust power supplied to
each heater trace such that the power supplied to each heater trace is adjusted
in a substantially even manner, for example the power supplied to each heater

trace is increased or decreased by a substantially even amount.

According to a further aspect of the present invention there is provided a data
carrier comprising machine readable instructions for the operation of one or
more processors of a controller of a haircare appliance to measure a
temperature of output air of the haircare appliance to obtain a measured output

air temperature, compare the measured output air temperature to a desired
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output air temperature, determine a desired heater temperature based on the
comparison of the measured output air temperature to the desired output air
temperature, predict a predicted heater temperature, compare the predicted
heater temperature to the desired heater temperature, and output a control
signal based on the comparison of the predicted heater temperature to the

desired heater temperature.

According to a further aspect of the present invention there is provided a
haircare appliance comprising a heater, a temperature sensor for measuring a
temperature of output air of the haircare appliance, and a controller configured
to measure a temperature of output air of the haircare appliance to obtain a
measured output air temperature, compare the measured output air
temperature to a desired output air temperature, determine a desired heater
temperature based on the comparison of the measured output air temperature
to the desired output air temperature, predict a predicted heater temperature,
compare the predicted heater temperature to the desired heater temperature,
and output a control signal based on the comparison of the predicted heater

temperature to the desired heater temperature.

The haircare appliance may, for example, comprise a hairdryer or a hot styling
brush.

Preferential features of aspects of the present invention may be equally applied

to other aspects of the present invention, where appropriate.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to better understand the present invention, and to show more clearly
how the invention may be put into effect, the invention will now be described, by

way of example, with reference to the following drawings:
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Figure 1 is a schematic cross-sectional view of a haircare appliance according

to the present invention;

Figure 2 is a schematic representation of a heater of the haircare appliance of

Figure 1;

Figure 3 is a flow chart illustrating a first embodiment of a method of controlling

a haircare appliance according to the present invention;

Figure 4 is a first simplified version of the schematic heater representation of

Figure 2;

Figure 5a is a plot of average output airflow temperature versus thermal

conduction coefficient for three flow rates;

Figure 5b is a plot of curve fittings of the plot of Figure 5a;

Figure 6a is a partial control block diagram of the method of Figure 3;

Figure 6b is a simplified version of the partial control block diagram of Figure
6a;

Figure 7 is a first control block diagram of the method of Figure 3;

Figure 8 is a flow chart illustrating a second embodiment of a method of

controlling a haircare appliance according to the present invention;

Figure 9 is a second simplified version of the schematic heater representation

of Figure 2; and

Figure 10 is a first control block diagram of the method of Figure 8.
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DETAILED DESCRIPTION

A haircare appliance, in the form of a hairdryer, generally designated 10, is
shown schematically in Figure 1. The hairdryer 10 comprises a motor 12, a
heater 14, and a controller 16. Details of the motor 12 are not pertinent to the
present invention, and will not be included here for the sake of brevity, save to
say that the motor 12 generates airflow through the hairdryer 10 in use. A
suitable motor 12 may, for example, be the motor disclosed in published PCT
patent application W02017/098200.

The heater 14 is shown schematically in isolation in Figure 2, and comprises
three heater traces 18,20,22, a ceramic heater plate 24, a resistance
temperature detector (RTD) 26, and a heat sink 28. The three heater traces
18,20,22 are formed of tungsten, and sit on the ceramic heater plate 24. The
RTD 26 is connected to the ceramic heater plate 24, such that the RTD 26 is
able to provide a measure of the temperature of the ceramic heater plate 24 in
use. The RTD 26 may also be used as part of a thermal safety system.
Although shown here as an RTD, it will be appreciated by a person skilled in the
art that any appropriate temperature sensor may be used. The heat sink 28 is

connected to the ceramic heater plate 24.

The thermal structure of the heater 14 can also be seen schematically in Figure
2. Each heater trace 18,20,22 has a thermal mass mo, the ceramic heater plate
24 has a thermal mass m1, and the heat sink 28 has a thermal mass my. The
thermal conduction coefficient between each heater trace 18,20,22 and the
ceramic heater plate 24 is denoted ki, the thermal conduction coefficient
between the ceramic heater plate 24 and the heat sink 26 is denoted k», and the
thermal conduction coefficient between the heat sink 26 and output airflow 30 is
denoted kis. A thermistor 32 is located near an outlet of the hairdryer 10 for

measuring the temperature of the output airflow 30.
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The controller 16 may be any appropriate controller. Details of the control
performed by the controller 16 are described in more detail hereafter. The

controller 16 is disposed within the main body of the hairdryer 10.

A first embodiment of a method 100 of controlling the hairdryer 10 according to
the present invention can be seen schematically from the flow diagram of Figure
3. The method 100 comprises measuring 102 a temperature of output airflow
30 of the hairdryer 10 to obtain a measured output airflow temperature. The
measured output airflow temperature is compared 104 to a desired output
airflow temperature, which may, for example, be set by a user choosing a mode
of operation of the hairdryer 10 such as a heat setting. Based on this
comparison, the controller 16 determines 106 a desired heater trace
temperature to account for any difference between the measured output airflow
temperature and the desired output airflow temperature, and the controller 16
predicts 108 a heater trace temperature based on the measured output airflow
temperature. The controller 16 compares 110 the predicted heater trace
temperature to the desired heater trace temperature, and outputs 112 a control
signal to TRIACs (not shown) of the heater 14 to control the power supplied to
the heater traces 18,20,22. In such a manner the method 100 may closely
control the output airflow temperature via close control of the heater
temperature, based on a predicted heater trace temperature determined by the
measured output airflow temperature. The method 100 thus comprises two
closed feedback loops, an outer feedback loop which controls the output airflow
temperature, and an inner feedback loop which controls the heater trace

temperature.

The method 100 described above relies on being able to predict a heater trace
temperature using a measured output airflow temperature. This is achieved via
a simplification of the schematic heater structure of Figure 2, the simplification

being shown in Figure 4. In particular, using computational fluid dynamics
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(CFD) simulation data, it is possible to obtain a direct relationship between the
output airflow 30 and the ceramic heater plate 24, which enables the thermal
conduction coefficient between the ceramic heater plate 24 and the output
airflow 30, ke2a, to be obtained as a function of the measured output airflow

temperature and the output airflow rate.

Assuming no energy loss in the system, kc2a can be defined as:

Power

kCZCl = T _ T
ceramic avgairflow

where Tceramic IS the temperature of the ceramic heater plate 24, and Taygairfiow IS

the average output airflow temperature (both measured in °C).

A plot of Kcoa vVersus Tawgairfiow, fOr three different airflow rates, is shown in Figure
5a. Applying curve fitting for each flow rate, ie ke2a=K11. Tavgaiiow + K12, gives the

following equations:

keza = —0.0114. Ty gairfiow + 6.954 where airflow is 13.51/s
keza = —0.007398. Taygairfiow + 5.881 where airflow is 9.51/s
keya = —0.004639.Typgairfiow +4.916 where airflow is 6l/s

These fitted curves are shown in Figure 5b.

Performing curve fitting for the equation Kc2a=k11. Tavgairiow + K12 then allows the

coefficients ki1 and k12 to be determined as follows:

ki, = —9.038 x 107*.Q + 9.245 x 10~*
ki, = 0.2717.Q + 3.291

where Q is the airflow rate in litres per second.
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This then gives the following relationship for the thermal conduction coefficient
between the ceramic heater plate 24 and the output airflow 30, kc2a, a@s a

function of the measured output airflow temperature and the output airflow rate:
kezq = (=9.038 x 107%.Q +9.245 X 107™). Taygqirfiow + (0.2717.Q) +3.291

The relationship between the output airflow temperature Taimow and the heater
trace temperature Tyace Can be seen in Figure 6a in a control block diagram in
the frequency domain. This relationship relies on both the thermal conduction
coefficient between the ceramic heater plate 24 and the output airflow 30, kc2a,
and the thermal conduction coefficients between the heater traces 18,20,22 and
the ceramic heater plate 24, k1. The relationship also relies on the thermal
masses of the heater traces 18,20,22, mg, the ceramic heater plate 24, m4, and

the output airflow 30, Mair.

This relationship can be simplified, as shown in Figure 6b in a control block
diagram in the frequency domain, via the introduction of an equivalent thermal
conduction coefficient between the heater traces 18,20,22 and the output
airflow 30, kequ, and the introduction of an equivalent thermal mass of the heater
traces 18,20,22 and the ceramic heater plate 24, mequ. The equivalent thermal
mass Mequ iN the present case is set to 3mo, ie three times the thermal mass of

an individual heater trace 18,20,22, although this can be adjusted, if necessary.

The equivalent thermal conduction coefficient, kequ, Can be calculated as
follows. Temperature relationships of the heater trace temperature Tiace and

the output airflow temperature Taimow are shown below:

Pin - (Ttrace - Tceramic)- 3kl
s.3my

= Tirace
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(Ttrace - Tceramic)- 3kl - (Tceramic - Tairflow)- kc2a _
s.my

airflow

where s is the differential operator, for example d/dt, and Pi, is the input power.

Combining these two temperature relationships gives:

P — (kc2a - S. ml)- Ttrace B kc2a- Tairflow 3k
in 3ky +kepy +5.my o
s.3my

= Ttrace

Treating differential terms as zero gives:

3ki.k
Pin - ﬁ (Ttrace - Tairflow)

=T,
s. 3m0 trace

Thus we can derive the equivalent thermal conduction coefficient as

o Bkika
7 3k, + Kega

and the relationship between the output airflow temperature Taimow and the

heater trace temperature Tyace Can be simplified as shown in Figure 6b.

We now have the following relationship between Taimow and Tirace:

Pin - kequ(Ttrace - Tairflow)
s.3my

= Tirace

Using the backward Euler method, s=(1-z")/t, Twace Can be calculated every

sampling time using the equation:
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sampling (Pin(i) + Tairflow(i)- kequ) + 37"'0- Ttrace(i - 1)
3TnO + tsampling- kequ

] t
Ttrace (i) =

where X(i) is the variable value in the ith instant, and tsampiing is the algorithm

sampling time.

Outputting 112 a control signal based on the comparison of the predicted heater
trace temperature to the desired heater trace temperature may provide a more
responsive and/or more accurate system than, for example, a system where a
control signal is output solely based on a comparison of a measured output
airflow temperature to a desired output airflow temperature. By predicting the
heater trace temperature using the measured output airflow temperature, the
need for additional temperature sensors to directly measure the temperature of
the heater traces 18,20,22 may be avoided. Thus better heater control may be
achieved for little or no additional cost. Furthermore, it may be tricky to mount
individual temperature sensors to each heater trace 18,20,22, and so predicting
the heater trace temperature using the measured output airflow temperature

may avoid additional manufacturing complexity.

The control structure can be seen schematically in more detail in Figure 7. As
can be seen, the desired output airflow temperature, Trr, and the measured
output airflow temperature, Tamow, are fed to a first comparator 34, which
outputs a signal to a first Pl controller 36. The first Pl controller 36 outputs a
desired heater trace temperature, Tiacerer, t0 @ second comparator 38. The
output airflow temperature, Tairmow, IS also fed to an observer 40, along with the
measured input power of the TRIACs, P, and the observer 40 outputs a
predicted heater trace temperature Tiace est, USING the equation for Tirace(i)
discussed above, to the second comparator 38. The second comparator 38
outputs a signal to a second PI controller 42, which then outputs a power
control signal to the TRIACs, thereby controlling the power supplied to the
heater traces 18,20,22.
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An alternative embodiment of a method 200 according to the present invention
can be seen schematically from the flow diagram of Figure 8. The method 200
comprises measuring 202 a temperature of output airflow 30 of the hairdryer 10
to obtain a measured output airflow temperature. The measured output airflow
temperature is compared 204 to a desired output airflow temperature, which
may, for example, be set by a user choosing a mode of operation of the
hairdryer 10 such as a heat setting. Based on this comparison, the controller 16
determines 206 a desired heater trace temperature to account for any
difference between the measured output airflow temperature and the desired

output airflow temperature.

The method 200 comprises measuring 208 a temperature of the ceramic heater
plate 24 for example using the RTD 26, and using the measured ceramic heater
plate temperature to predict 210 a predicted heater trace temperature. The
controller 16 compares 212 the predicted heater trace temperature to the
desired heater trace temperature, and outputs 214 a control signal to TRIACs
(not shown) of the heater 14 to control the power supplied to the heater traces
18,20,22. In such a manner the method 200 may closely control the output
airflow temperature via close control of the heater temperature, based on a
predicted heater trace temperature determined by a measured ceramic plate
temperature. The method 200 thus comprises two closed feedback loops, an
outer feedback loop which controls the output airflow temperature, and an inner

feedback loop which controls the heater trace temperature.

The method 200 described above relies on being able to predict a heater trace
temperature using a measured ceramic heater plate temperature. This is
achieved via a simplification of the schematic heater structure of Figure 2, the
simplification being shown in Figure 9. As can be seen from Figure 9, the
parameters that need to be known are the thermal mass of the heater traces

18,20,22, mo, the thermal mass of the ceramic heater plate 24, m¢, and the
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thermal conduction coefficient between the heater traces 18,20,22 and the

ceramic heater plate 24, ki.

Then, in a similar manner to that described above for calculating heater trace
temperature from a measured output airflow temperature, the heater trace

temperature can be calculated using the following equation:

Py — (Ttrace B Tceramic)- 3ky _
3mys — ftrace

Using the backward Euler method, s=(1-z")/t, Twace Can be calculated every

sampling time using the equation:

sampling (Pin(i) + Tceramic(i)- 3k1) + 3777'0- Ttrace(i - 1)
3TnO + tsampling- 3kl

] t
Ttrace (i) =

where X(i) is the variable value in the ith instant, and tsampiing is the algorithm

sampling time.

Outputting 214 a control signal based on the comparison of the predicted heater
trace temperature to the desired heater trace temperature may provide a more
responsive and/or more accurate system than, for example, a system where a
control signal is output solely based on a comparison of a measured output
airflow temperature to a desired output airflow temperature. By predicting the
heater trace temperature using the measured ceramic plate temperature, the
need for additional temperature sensors to directly measure the temperature of
the heater traces 18,20,22 may be avoided. Thus better heater control may be
achieved for little or no additional cost. Furthermore, it may be tricky to mount
individual temperature sensors to each heater trace 18,20,22, and so predicting
the heater trace temperature using the measured output airflow temperature

may avoid additional manufacturing complexity.
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Predicting a heater trace temperature using a measured ceramic heater plate
temperature may be beneficial over predicting a heater trace temperature using
a measured output airflow temperature as the measured ceramic heater plate
temperature may be unaffected by airflow characteristics which may affect a
measured output airflow temperature. Thus predicting a heater trace
temperature using a measured ceramic heater plate temperature may provide a
more accurate prediction of the heater trace temperature than predicting a

heater trace temperature using a measured output airflow temperature.

The control structure can be seen schematically in more detail in Figure 10. As
can be seen, the desired output airflow temperature, Trr, and the measured
output airflow temperature, Tamow, are fed to a first comparator 34, which
outputs a signal to a first Pl controller 36. The first Pl controller 36 outputs a
desired heater trace temperature, Tiacerer, t0 @ second comparator 38. A
measured ceramic plate temperature is fed to an observer 40, along with the
measured input power of the TRIACS, Pin, and the observer 40 outputs a
predicted heater trace temperature Tiace est, USING the equation for Tirace(i)
discussed above, to the second comparator 38. The second comparator 38
outputs a signal to a second PI controller 42, which then outputs a power
control signal to the TRIACS, thereby controlling the power supplied to the
heater traces 18,20,22.
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CLAIMS

1. A method of controlling a haircare appliance comprising a heater,
wherein the method comprises measuring a temperature of output air of the
haircare appliance to obtain a measured output air temperature, comparing the
measured output air temperature to a desired output air temperature,
determining a desired heater temperature based on the comparison of the
measured output air temperature to the desired output air temperature,
predicting a predicted heater temperature, comparing the predicted heater
temperature to the desired heater temperature, and outputting a control signal
based on the comparison of the predicted heater temperature to the desired

heater temperature.

2. A method as claimed in Claim 1, wherein the control signal comprises a

power control signal for adjusting power supplied to the heater.

3. A method as claimed in any preceding claim, wherein the method
comprises increasing power supplied to the heater where the predicted heater
temperature is lower than the desired heater temperature and/or decreasing
power supplied to the heater where the predicted heater temperature is higher

than the desired heater temperature.

4. A method as claimed in any preceding claim, wherein determining a
desired heater temperature based on the comparison of the measured output
air temperature to the desired output air temperature comprises calculating an
error value corresponding to a difference between the measured output air
temperature and the desired output air temperature, and calculating a desired

heater temperature to offset the error value.

. A method as claimed in any preceding claim, wherein determining a

desired heater temperature based on the comparison of the measured output
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air temperature to the desired output air temperature comprises utilising a first

control compensator.

6. A method as claimed in any preceding claim, wherein outputting a control
signal based on the comparison of the predicted heater temperature to the
desired heater temperature comprises calculating an error value corresponding
to a difference between the predicted heater temperature and the desired

heater temperature, and calculating a control signal to offset the error value.

7. A method as claimed in any preceding claim, wherein outputting a control
signal based on the comparison of the predicted heater temperature to the

desired heater temperature comprises utilising a second control compensator.

8. A method as claimed in any preceding claim, wherein the method
comprises a first control loop and a second control loop, the first control loop
comprising measuring a temperature of output air of the haircare appliance to
obtain a measured output air temperature, comparing the measured output air
temperature to a desired output air temperature, and determining a desired
heater temperature based on the comparison of the measured output air
temperature to the desired output air temperature, and the second control loop
comprising predicting a predicted heater temperature, comparing the predicted
heater temperature to the desired heater temperature, and outputting a control
signal based on the comparison of the predicted heater temperature to the

desired heater temperature.

9. A method as claimed in Claim 8, wherein the first control loop comprises
an outer control loop, the second control loop comprises an inner control loop,

and the first control loop is slower than the second control loop.
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10. A method as claimed in any preceding claim, wherein predicting a
predicted heater temperature comprises using the measured output air

temperature to determine a predicted heater temperature.

11. A method as claimed in any of Claims 1 to 10, wherein the heater
comprises a heater trace, and the method comprises determining a desired
heater trace temperature based on the comparison of the measured output air
temperature to the desired output air temperature, predicting a predicted heater
trace temperature, comparing the predicted heater trace temperature to the
desired heater trace temperature, and outputting a control signal based on the
comparison of the predicted heater trace temperature to the desired heater

trace temperature.

12. A method as claimed in Claim 11, wherein predicting a predicted heater
trace temperature comprises using the measured output air temperature to

predict a predicted heater trace temperature.

13. A method as claimed in Claim 11, wherein the heater comprises a heat
sink, and predicting a predicted heater trace temperature comprises using a

measured heat sink temperature.

14. A method as claimed in Claim 11, wherein the heater comprises a
ceramic plate to which the heater trace is attached, and predicting a predicted
heater trace temperature comprises using a measured ceramic plate

temperature.

15. A method as claimed in any of Claims 1 to 10, wherein the heater
comprises a plurality of heater traces, and the method comprises determining a
desired average heater trace temperature based on the comparison of the
measured output air temperature to the desired output air temperature,

predicting a predicted average heater trace temperature, comparing the
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predicted average heater trace temperature to the desired average heater trace
temperature, and outputting a control signal based on the comparison of the
predicted average heater trace temperature to the desired average heater trace

temperature.

16. A method as claimed in Claim 15, wherein predicting a predicted average
heater trace temperature comprises using the measured output air temperature

to predict a predicted average heater trace temperature.

17. A method as claimed in Claim 15, wherein the heater comprises a heat
sink, and predicting a predicted average heater trace temperature comprises

using a measured heat sink temperature.

18. A method as claimed in Claim 15, wherein the heater comprises a
ceramic plate to which the heater trace is attached, and predicting a predicted
average heater trace temperature comprises using a measured ceramic plate

temperature.

19. A method as claimed in any of Claims 15 to 18, wherein the control
signal adjusts power supplied to each heater trace such that the power supplied

to each heater trace is adjusted in an even manner.

20. A data carrier comprising machine readable instructions for the operation
of one or more processors of a controller of a haircare appliance to measure a
temperature of output air of the haircare appliance to obtain a measured output
air temperature, compare the measured output air temperature to a desired
output air temperature, determine a desired heater temperature based on the
comparison of the measured output air temperature to the desired output air
temperature, predict a predicted heater temperature, compare the predicted

heater temperature to the desired heater temperature, and output a control
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signal based on the comparison of the predicted heater temperature to the

desired heater temperature.

21. A haircare appliance comprising a heater, a temperature sensor for
measuring a temperature of output air of the haircare appliance, and a controller
configured to measure a temperature of output air of the haircare appliance to
obtain a measured output air temperature, compare the measured output air
temperature to a desired output air temperature, determine a desired heater
temperature based on the comparison of the measured output air temperature
to the desired output air temperature, predict a predicted heater temperature,
compare the predicted heater temperature to the desired heater temperature,
and output a control signal based on the comparison of the predicted heater

temperature to the desired heater temperature.
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