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Description
FIELD OF THE INVENTION

[0001] The invention relates to a fiber quality sensor
such as a hair damage sensor, and to a hair care device
comprising such a hair damage sensor.

BACKGROUND OF THE INVENTION

[0002] The chapter 7 "Surface Potential Studies of Hu-
man Hair Using Kelvin Probe Microscopy", by Bhushan
in: Biophysics of Human Hair: Structural, Nanomechan-
ical, and Nanotribological Studies, pp. 153-169 (2010),
discloses that virgin hair has a better charge mobility and
can therefore dissipate charge more readily than chem-
ically damaged hair.

[0003] US 6,518,765 describes using an array of tribo-
electric sensors for testing electrostatic properties of a
remote environment. A method of determining the tribo-
electric properties of a material comprises selecting a
plurality of insulators; simultaneously rubbing the plural-
ity of insulators against the material; measuring a change
in a magnitude and polarity of an electrical charge on
each of a plurality of the insulators over time; and deter-
mining a triboelectric property of the material in response
to results from said measuring. The insulating materials
may be selected so their triboelectric properties cover a
desired range.

[0004] US 2003/226397 describes a directional cou-
pler sensor for measuring the moisture content of a sub-
strate, such as hair. The sensor incorporates a high fre-
quency directional coupler having a pair of generally par-
allel plates defining a coupling gap therebetween. A high
frequency signal generator generates an electromagnet-
ic field across the gap with the substrate placed across
the coupling gap. The coupled power relates to the mois-
ture content of the substrate. A pressure sensor is pro-
vided to ensure that the desired compactness of the sub-
strate across the coupling gap is achieved to obtain ac-
curate, reliable and consistent results.

[0005] US 2016/0028327 describes a method of pro-
ducing a triboelectric generator element comprising a
material based on rough dielectric polymer intended, in
order to create electrical charges, to be placed in contact
with another material having different triboelectric prop-
erties to those of the dielectric polymer material, the
method including forming on a support a layer based on
a material formed of a given dielectric polymer.

[0006] US?2016/0011233 describes asensorfor meas-
uring static charge of fibers, comprising: a sensor handle
which is insulated; a metal sensor head connecting to
the sensor handle; an electrometer and a capacitor, both
inside of the insulated sensor handle (whereby the iso-
lated handle is not in direct contact with the fiber and
does not result in an electrical signal); and a display on
the handle, and wherein the static charge generated dur-
ing a contact between the fiber and the sensor head is
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transferred from the sensor head to the capacitor, meas-
ured by the electrometer connected to the capacitor, and
shown on the display. The sensor head is preferably in
the shape of a brush or comb, and the static charge is
generated during combing. Measuring electrostatics of
fibers, especially when combing fibers is one of common
ways to assess keratinaceous fiber conditions. Generally
speaking, more electrostatics on fibers cause more fly-
away of fibers. More damaged and/or curled keratina-
ceous fibers may cause more electrostatic charging
when combing because of more friction and/or detangling
between fibers when combing.

[0007] US 6504375 describes an electrostatic voltme-
ter modulator for measuring an electrostatic field be-
tween the electrostatic voltmeter modulator and a surface
includes a shield, a sensing electrode, and a layer dis-
posed between the shield and sensing electrode, Docu-
ment "The electrostatic properties of human hair" by An-
thony C. Lunn and Robert E Evans in Journal Of The
Society Cosmetic Chemists, 28, 549-569 from Septem-
ber 1977 discloses an apparatus for measuring the mag-
nitude of charge generated by combing human hair, the
mobility of charge and the distribution of charge along
the length of hair fibers.

SUMMARY OF THE INVENTION

[0008] Itis, inter alia, an object of the invention to pro-
vide a fiber quality sensor. The invention is defined by
the independent claims. Advantageous embodiments
are defined in the dependent claims.

[0009] Embodiments of the invention provide a hair
based triboelectric sensor device with self-generating
sensor signal to detect hair health or damage, and in
particular a sensor device that measures and analyses
the signal shape, magnitude of hair surface potential and
rate of hair surface discharging (charge retention/dissi-
pation) during a hair treatment with a hair care device,
such as a straightener. The sensor technology is based
on the analysis of electrostatic and/or triboelectric sur-
face charging characteristics of hair fibers. The hair
based sensing technology with self-generating signal of-
fers potential for both a stand-alone consumer and/or
professional device and an integrated module into exist-
ing hair styling devices (e.g. hair straightener, styler). The
hair based sensor is based on but not limited to a sliding
triboelectric generator being used as a sensor for meas-
uring a charge (voltage or surface potential change)
which is dependent on the surface property (topography,
chemistry) of hair. The sensor principle makes use of the
triboelectric effect, in-plane charge separation and elec-
trostatic induction. The rubbing of a hair against a coun-
ter-surface (e.g. of a care device) causes an electrical
charge build-up and charge induction in a specific sensor
electrode array, made out of a conductive and dielectric
electrode allows to monitor the time-dependent and spa-
tial, macroscopic discharge behavior. The charge leaks
away through the hair and/or sensor specific induction
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electrode materials/configurations. The rate of this proc-
ess depends on the structural (integrity of cuticles,
number of cuticle layers removed) and physicochemical
surface properties of the hair fiber (presence of lipids,
moisture level). By comparing the voltage signature with
reference shapes and analyzing the signal in the time
and frequency domain, the level of hair damaged can be
assessed and quantified (if a calibration curve is availa-
ble), or a baseline measurement done.

[0010] These and other aspects of the invention will be
apparent from and elucidated with reference to the em-
bodiments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011]

Fig. 1 illustrates the principle of the invention;

Fig. 2 shows a first embodiment of a hair damage
sensor in accordance with the invention;

Fig. 3 shows a (multiple) interdigitated hybrid induc-
tion electrode pair embodiment for hair damage
sensing/detection according to the invention;

Figs. 4A, 4B and 4C show different electrode ar-
rangements on hair straightener plate to compen-
sate for angular deviation and hair length difference
at hair tips; and

Figs. 5, 6A and 6B show examples of electrode con-
figurations for use in a fiber quality sensor according
to the invention.

DESCRIPTION OF EMBODIMENTS

[0012] Embodiments of the invention are defined by
the appended claims. In particular, embodiments provide
a sensor device that measures and analyses the signal
shape, magnitude of hair surface potential and rate of
hair surface discharging (charge retention/dissipation)
during a hair treatment with a hair care device, such as
a straightener. The sensor is based on a hair based slid-
ing triboelectric generators for generating charge in re-
sponse to movement of the hair care device over the hair;
and this hair based triboelectric generator being used as
a sensor for measuring a parameter which is dependent
on the surface property (topography, chemistry), the sen-
sor signal being the charge (voltage) generated by the
triboelectric generator. The sensor principle makes use
of the triboelectric effect, in-plane charge separation and
electrostatic induction. The rubbing of a hair against a
counter-surface (e.g. of a hair care device) causes an
electrical charge build-up and charge induction in a spe-
cific sensor electrode array, made out of a conductive
and dielectric electrode allows to monitor the time-de-
pendent and spatial, macroscopic discharge behavior.
The charge leaks away through the hair and/or sensor
specific induction electrode materials/configurations.
The rate of this process depends on the structural (integ-
rity of cuticles, number of cuticle layers removed) and
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physicochemical surface properties of the hair fiber
(presence of lipids, moisture level). By comparing the
voltage signature with reference shapes and analyzing
the signal in the time and frequency domain, the level of
hair damaged can be assessed and quantified (if a cali-
bration curve is available), or a baseline measurement
done.

[0013] Fig. 1 shows triboelectric hair surface potential
changes in Volt of untreated hair UH and bleached hair
BH (using commercially available chemical bleaching
products) versus time in seconds, measured during a
one-directional stroke of blond hair over a specific elec-
trode configuration subject of this invention. The curve
BH shows that bleached hair can build up more surface
charges (higher peak-peak voltage Vpp: 18 V vs. 10 V)
but charges do leak away faster and to a greater extent
(saturation voltage: -40 V vs. -10 V) compared to
unbleached hair UH. The curve UH for unbleached hair
shows an increase in potential (2nd peak is larger than
1st peak), whereas the charge leakage is faster for
bleached hair BH indicated by the fact that the 2nd peak
is lower and/or as high as the 1st peak. The minimum is
also lower for bleached hair BH than for unbleached hair
UH indicating greater leakage rate. While the step am-
plitude ratios of the leading edge of two successive peaks
are similar (12 V / 18 V for bleached hair BH, 5V /8 V
for unbleached hair UH) and presumably related to the
(geometric) properties of the electrodes, the absolute
peak height ratio of two successive peaks gives informa-
tion on the leakage rate and charge retention properties
of hair, and hair condition (e.g. presence of lipids, mois-
ture level). Absolute peak heightratios <1 indicate charge
leakage dominating charge build up in time (for bleached
hair BH: 11.5 V / 12 V), ratios >1 indicate charge build
up dominating charge leakage in time (for unbleached
hair UH: 10 V / 8 V). It has to be noticed that the height
of the 18t and 2"d peaks, and therefore the absolute peak
heightratio, also depends on the triboelectric sensor con-
figuration and speed of the stroke.

[0014] To be able to use this invention in a handheld
device, an electrode pair or grating structure - together
with the hair forming a sliding triboelectric generator - is
integrated in the hair styling device and responds to the
surface charge build-up by means of triboelectric charg-
ing and electrostatic induction. Suitable electronics to
capture the signal/charge build up is an amplifier with
large input resistance (typically > 1012 Q).

[0015] Inafirstembodiment of this invention, a specific
hybrid electrode design made out of conductive and di-
electric electrodes allows to monitor the time-dependent
and spatial, macroscopic discharge behavior. The con-
ductive part is made of a conductive material such as
copper (Cu), aluminum (Al) or a transparent conductor
such as indium tin oxide (ITO), poly(3,4-ethylenediox-
ythiophene) polystyrene sulfonate (PEDOT-PSS), or
graphene. The dielectric part is made of a dielectric ma-
terial such as polyester (PET) or fluorinated ethylene pro-
pylene (FEP). This invention is not limited to the listed
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materials. Combinations of many other suitable materials
could also be used; a person skilled in the art knows how
to combine them correctly based on their tribo-electric
properties. An in-plane induction electrode pair or multi-
ple interdigitated electrodes made out of one metallized
dielectric (metal is on the back side) and one conductive
material enable to measure large flat hair bundles and
assess the hair damage state based on controlled dis-
charge through the conductive electrode(s). Hair rubbed
over these electrode arrays result in multiple in-plane
charge separation and induction events but also ‘forced’
discharge events due to conductive metal electrode al-
lowing one to study the dynamic discharge behavior of
hair.

[0016] Fig.2shows afirstembodiment of a triboelectric
fiber quality sensor as a hair damage sensor in accord-
ance with the present invention with alternating conduc-
tive and dielectric electrode segments. M indicates a uni-
directional movement of the sensor S along the hair H.
The sensor Sincludes two electrodes 1 and 2, the second
electrode 2 being covered by a dielectric D. The output
voltages of the electrodes 1 and 2 are applied to an am-
plifier having a very high input impedance Z of about 200
TQ. The very large input impedance Z of the amplifier
insures that the charges present on the electrodes 1, 2
leak very slowly into the amplifier. When being rubbed
over such a dielectric-conductive electrode pair or alter-
nating array of dielectric-conductive electrodes, a spe-
cific voltage potential across the electrode pair is gener-
ated. This voltage potential is due to the triboelectric
charges and electrostatic induction being generated at
the hair/sensorinterface. Moreover, charge leakage from
the hair to the conductive electrode 1 (e.g. copper elec-
trode) has also an influence on the measured voltage.
Thus, the voltage potential measured across the elec-
trode pair (partially) depends on the hair surface topog-
raphy/chemistry and therefore allows to characterize the
health state of hair.

[0017] If the unique signal signature deviates, this al-
lows a statement on the charging state/characteristics
and surface condition of the hair (see embodiment 4).
[0018] All the herein described in-plane electrode
pairs/arrays can, for example, be integrated in a plate of
a hair straightener.

[0019] Fig. 3 shows a (multiple) interdigitated hybrid
induction electrode pair embodiment for hair damage
sensing/detection according to the invention. Dielectric
= FEP; conductor = copper Cu. As in Fig. 2, the FEP
electrode has a copper backing.

[0020] In a second embodiment of this invention, var-
ious geometries of hybrid electrodes are used to com-
pensate for angular deviation and avoid signal noise at
the hair tip during use of a hair care device. These ge-
ometries are aimed to improve the sensor signal. To fully
exploit the sensor signal, in the ideal case the hair should
be rubbed substantially perpendicularly relative to the
orientation of the electrodes pairs. In many hair care ap-
plications it may be difficult to maintain or control such a
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substantially perpendicular orientation, or the device is
used under a certain angle relative to the length of the
hair bundle or root-tip direction. Therefore, specific elec-
trode design configurations are needed making straight-
ening robust to DC noise burst which would be generated
instead of an alternating voltage signal during sliding at
the hair tip. By using specific arrangements and modifi-
cations of the above described hybrid electrode (embod-
iment 1), such a noise burst can be avoided and clear
signals extracted. For compensating angular deviation
from a perfect 90 degree angle or angular misalignment,
and improve the sensor signal (signal-to-noise ratio),
dedicated geometries can include the following electrode
geometries or combinations thereof:

* Slanted/tilted electrodes

¢ V-shaped electrodes

* Zig-zag shaped electrodes

e Meander-like electrodes

» Staggered electrodes

* Alternating electrodes with asymmetric width of elec-
trode fingers (e.g. width of conductive electrode
twice the width of dielectric electrode to improve dis-
charge events).

[0021] Figs. 4A, 4B and 4C show different electrode
arrangements on hair straightener plate to compensate
for angular deviation and hair length difference at hair
tips. Fig. 4A shows slanted / tilted electrodes, Fig. 4B
shows V-shaped electrodes, and Fig. 4C shows zig-zag
shaped electrodes as can be provided on a straightener
plate of a hair care device.

[0022] In a third embodiment, similar to embodiments
1and 2, anin-plane electrode configuration of alternating
electrodes materials is used. In this embodiment there
is one additional material, and thus in total three types
of materials, viz. (1) an electrically conductive material,
such as a metal like copper (Cu), (2) a material which is
lower than the chosen electrically conductive material in
the triboelectric series compared to hair, for example
fluorinated ethylene propylene (FEP) or Teflon types, and
(3) a third material which is ranked above the chosen
electrically conductive material (e.g. copper Cu) in the
triboelectric series. Ideally, this third material should also
be ranked above hair, e.g. polyurethane or negatively
charged P-P(VDF-TrFE). See e.g. https://www.tri-
field.com/content/tribo-electric-series/,  http://www.re-
gentsprep.org/regents/physics/phys03/atribo/de-
fault.htm, or http://www.rfcafe.com/references/electri-
cal/triboelectric-series.htm for a table listing various ma-
terials according to their respective affinities for negative
charge.

[0023] The electrode configuration shown in Fig. 5 is
used as an example. Similar to the previous embodi-
ments, the voltage potential between electrodes A and
B is monitored. Additionally, the voltage potential be-
tween electrodes C and D is also monitored. The config-
urations shown in Fig. 5 do not make the output "insen-
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sitive" to the brushing direction. To do this, one would
need to "mirror" the configurations e.g. ABCDCDAB or
even ABBACDDC. As in the previous embodiments, the
FEP and B- Poly(vinylidene fluoride-trifluoroethylene) (in
short: B-P(VDF-TrFE)) electrodes are metalized at the
back. Symbols A until D; XI until X3, and Y denote the
dimensions of the electrodes. These dimensions can be
varied to get an optimal signal.

[0024] When hair strands are rubbed over the surface
or vice versa, starting on the nonconductive segments
and moving into the conductive segments, two electrical
signals are generated. The usage of two triboelectric
charge generating materials, one higher and one lower
in the triboelectric series compared to copper, results in
two electrical signals which are mainly in opposite direc-
tion of each other (respectively positively and negatively).
[0025] This additional signal and the ratio between
these signals can be used to gain additional spatial in-
formation on the surface chemical state of hair (e.g. rel-
ative presence of polar and non-polar groups varying
over the full hair length (from root to tip) or the individual
cuticle length (typical 3-5 um, i.e. suggested width of 3rd
electrode material is 1 to 3 pm). To compensate for or
nullify the misalignment (un-parallelism of active tribo ar-
eas in respect to cuticle direction), the electrode should
have multiple small segments of e.g. 10 by 10 um in
length and/or width, preferably lengths and widths in the
order of 1to 5 um. These dimensions of the active tribo
area are not limited to the third material and can be used
for one or more of the other used materials. The relatively
uniform potential on the cuticle when measured far away
from the cell borders increases close to the edge of the
cuticle cells, indicating that these regions are more polar
due to protein exposure.

[0026] Furthermore it can be used to distinguish be-
tween combing direction, from tip to root or from root to
tip, as this difference in combing direction results in dif-
ferent electrical output signals.

[0027] By changing the electrode dimensions denoted
in Fig. 5 by symbols A until D, X1-X3, and Y, the electrical
output signal can be adjusted. For example, the area of
the FEP and B-P(VDF-TrFE) covered electrodes can be
increased to increase the charging surface.

[0028] Furthermore multiple segments and combina-
tions of these segments can used. For example, the con-
figuration of Fig. 5 can be repeated horizontally and/or
vertically. Figs. 6A and 6B show some other examples,
with electrodes made of copper (Cu), fluorinated ethylene
propylene (FEP) and polyurethane (PU), and these con-
figurations too can be repeated horizontally and/or ver-
tically. Fig. 6A shows alternating conductive and charge
generating surfaces, and Fig. 6B shows both charge gen-
erating surfaces in front followed by the conductive seg-
ments in relation to the movement of the sensor over hair
H.

[0029] In addition, the analysis of a modulated charge
dissipating signal (which is dependent on the hair surface
topography/chemistry properties and the electrode de-
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sign such as width of electrode segments) allows to con-
clude on the hair damage state. As mentioned in relation
to embodiment 2, the electrode layout dictates the shape
of the generated triboelectric voltage. The signal is mod-
ulated andresults in a distinctive pattern of repeated puls-
es. Damage detection of hair by signal analysis of dis-
tinctive triboelectric surface potential patterns is possible
by means of a suitably programmed microprocessor
through:

e Comparison of triboelectric signal with deviation
from standard signature of undamaged or untreat-
ed/unbleached hair.

e Characteristic shape of modulated signal in time do-
main or spatial domain: Relating time to displace-
ment/movement during rubbing over electrode seg-
ments.

e Charge exchange, retention/dissipation rate (15t de-
rivative) of triboelectric surface potential signals:
time derivative.

*  Frequency spectra (harmonics, ratio of harmonics,
frequency range).

[0030] Embodiments of the invention thus provide a
new sensor technology with self-generating signal based
on triboelectric effect and electrostatic charge induction.
A specific electrode configuration is provided, with an
array of two in-plane electrodes with alternating conduc-
tive and dielectric coated segments: alternating conduc-
tive (charge dissipation electrode) and dielectric covered
induction electrodes. A main advantage of this feature is
that it allows monitoring charge build up and discharge
behavior/events of afiber like hair. This configuration fun-
damentally differs from a conventional triboelectric gen-
erator in that in such a conventional triboelectric gener-
ator a conductive discharge electrode would not be
placed directly next to a dielectric electrode as this would
negatively affect power generation/sensor signal magni-
tude as charges leak away. The controlled or forced se-
quential discharge monitoring of hair allows discriminat-
ing healthy from damaged hair based on charge leak-
age/dissipation behavior as shown in Fig. 1. Such a con-
trolled deliberate charge leakage is desired in order to
be able to characterize healthy and damaged hair based
on typical discharge signals. Minimum additional elec-
tronics and system architectural changes are needed for
implementation of sensor in hair straightener. A device
with an in-built triboelectric sensor system for hair health
sensing can be realized: no external power supply need-
ed to power the sensor. Hair is part of a sensor system
forming a triboelectric sensing device with self-generat-
ing signal.

[0031] An embodiment provides a in-plane electrode
array with alternating dielectric (polymer insulator) coat-
ed and conductive (metallic) electrode segments. The
triboelectric charge generated during movementof a third
material (fiber, hair) over the electrodes (or vice versa)
results in a surface potential difference measured be-
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tween both electrodes. Other types of triboelectric gen-
erators are alternatively possible, e.g. a vertical contact
separation (tapping mode) generator. Alternatively, by
just consecutively tapping the fibers a unique charge-
discharge signature can be obtained. Any form of contact
electrification or triboelectric charging that produces an
electrical signal that can be measured can be employed
in the presentinvention. The conductive electrode induc-
es controlled repeated discharge events during rubbing
and functions mainly as a charge dissipation electrode.
The combination of triboelectric / electrostatic charging
and controlled discharging during the rubbing produces
a unique signature of the fiber that can be used by a
microprocessor to determine surface electrochemical
and topographical properties (such as damage, surface
integrity, electro-chemical surface state).

[0032] An embodiment provides a sensor that allows
to measure both the build-up and discharge of electro-
static charges simultaneously during rubbing using spe-
cific alternating dielectric and conductive electrode seg-
ment configurations, whereafter the generated charges
are converted into a voltage using a high-ohmic elec-
trometer.

[0033] Anembodiment provides a fiber sensor system
comprising a pair or an array of alternating conductive
and dielectric coated segments (insulators), a third fiber-
like material and an amplifier connected to the pair of
alternating electrodes and having an input impedance in
the range 1 - 200 TOhm. The triboelectric charge gener-
ated during movement of the third material over the elec-
trodes (or vice versa) results in a surface potential differ-
ence measured between both electrodes. The conduc-
tive electrode induces controlled repeated discharge
events during rubbing and functions mainly as a charge
dissipation electrode to characterize the electrochemical
and topographical surface state of the fiber.

[0034] An embodiment of the invention comprises an
electrode array with alternating dielectric (insulator) coat-
ed and conductive (metallic) electrode segments, differ-
ential measurement of surface potential changes, special
sensor electronics with input resistance being at least 1
TOhm, and measurement of combined electrostatic
charge and discharge (rate) behavior to provide a unique
triboelectric fiber signature.

[0035] Possible applications include:

*  Sensorfor sensing surface damage (e.g. coating im-
perfections/doped surfaces) based on triboelectric
charges and electrostatic discharge phenomena.

* Hair based triboelectric sensor device with self-gen-
erating sensor signal to detect hair damage.

e Hairis part of a sensor system forming a triboelectric
sensing device.

* Use ftriboelectric surface potential (tribo-voltages
generated between the hair surface and the counter-
surface of a hair care device) as an indicator/meas-
ure for hair health/damage.

* Methodstocharacterize macroscopic surface charg-
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ing mechanisms of dielectric or badly conducting
coatings: signal analysis in time and frequency do-
main.

* Methods to discriminate between undamaged and
damaged hair: signal analysis in time and frequency
domain.

* Handheld apparatus suitable for sensing surface
damage (e.g. coating imperfections/doped surfaces)
based on triboelectric charges and electrostatic dis-
charge phenomena.

* Device inherent triboelectric sensor with self-gener-
ating sensor signal for monitoring hair health/dam-
age.

* Handheld apparatus for triboelectric sensing of hair
health and pre-warning for over-treatment.

[0036] The invention is advantageously used in a hair
styling device, comprising a fiber quality sensor S ac-
cording to the invention, and a microprocessor coupled
to receive output signals from the fiber quality sensor.
The hair styling device could, for example, provide an
indication (e.g. optical or acoustic alarm) to the user that
he/she should stop the treatment in order to avoid over-
heating. Settings (e.g. temperature) could also be adapt-
ed.

[0037] The invention can be applied not only in hair
styling applications, but also in textile (fiber) applications,
e.g. monitoring quality and durability of textile finishing
during production, or in garment care, e.g. monitoring
quality and durability of textiles during use or after laun-
dering.

[0038] It should be noted that the above-mentioned
embodiments illustrate rather than limit the invention, and
that those skilled in the art will be able to design many
alternative embodiments without departing from the
scope of the appended claims. In the claims, any items
placed between parentheses are just reference signs re-
ferring to examples in the drawings that shall not be con-
strued as limiting the claim. In particular, the scope of the
claims is not limited by materials matching the reference
signs, so that instead of copper (Cu) any suitable con-
ductive materials may be used, while instead of FEP and
PU other suitable dielectric materials may be used. The
word "comprising" does not exclude the presence of el-
ements or steps other than those listed in a claim. The
word "a" or "an" preceding an element does not exclude
the presence of a plurality of such elements. The notion
"a pair" thus includes a plurality of pairs, and the notion
"a pair of mutually adjacent electrodes" includes interdig-
itated electrode arrays or multiple interdigitated elec-
trodes.

Claims
1. A triboelectric fiber quality sensor (S) for sensing a

quality of a fiber (H), the fiber quality sensor (S) com-
prising a first in-plane pair of mutually adjacent elec-
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trodes arranged for contacting the fiber (H) to gen-
erate afirst voltage over the electrodes, the first volt-
age being indicative of the quality of the fiber (H),
the first pair of electrodes including:

a first conductive electrode (1, Cu), and

a first dielectric electrode (D, 2) having a first
dielectric material (D, FEP) with a conductive
backing (2).

A triboelectric fiber quality sensor (S) as claimed in
claim 1, the triboelectric fiber quality sensor further
comprising a second in-plane pair of mutually adja-
cent electrodes arranged for contacting the fiber (H)
to generate a second voltage over the electrodes,
the second voltage being indicative of the quality of
the fiber (H), the second pair of electrodes including:

a second conductive electrode (1, Cu), and
asecond dielectric electrode (D, 2) having a sec-
ond dielectric material (PU) with a conductive
backing, wherein in a triboelectric series of ma-
terials the material of the conductive electrode
(Cu) is arranged between the first (FEP) and
second (PU) dielectric materials.

A triboelectric fiber quality sensor (S) as claimed in
claim 2, comprising horizontally or vertically alternat-
ing first and second in-plane pairs of electrodes.

A triboelectric fiber quality sensor (S) as claimed in
any of the preceding claims, wherein the first and/or
second in-plane pairs of electrodes are tilted, slanted
and/or zigzag-shaped, or wherein in-plane pairs of
electrodes are arranged in a repeated interdigitated
pattern such as an interdigitated grating structure.

A triboelectric fiber quality sensor (S) as claimed in
any of the preceding claims, for the or each in-plane
pair of electrodes further comprising an amplifier
coupled to the pair of electrodes and having an input
impedance exceeding 1 TQ, and preferably being
200 TQ.

A hair styling device, comprising:
a triboelectric fiber quality sensor (S) as claimed in
any of the preceding claims.

A hair styling device as claimed in claim 6, further
comprising a microprocessor for analyzing the first
voltage signal.

A hair styling device as claimed in claim 7, further
comprising an indicator for, in response to an output
of the microprocessor, providing an indication to a
user that the user should stop a treatment in order
to avoid overheating.
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A hairstyling device as claimedin claim 7 or 8, where-
in the hair styling device is arranged for modifying a
temperature setting in response to an output of the
microprocessor.

Patentanspriiche

1.

Triboelektrischer Faserqualitdtssensor (S) zum Er-
fassen einer Faserqualitat (H), wobei der Faserqua-
litdtssensor (S) ein erstes ebenengleiches Paar von
einander benachbarten Elektroden umfasst, das
zum Kontaktieren der Faser (H) angeordnet ist, um
eine erste Spannung Uber den Elektroden zu erzeu-
gen, wobei die erste Spannung die Faserqualitat (H)
anzeigt, wobei das erste Paar von Elektroden auf-
weist:

eine erste leitende Elektrode (1, Cu) und

eine erste dielektrische Elektrode (D, 2), die ein
erstes dielektrisches Material (D, FEP) mit einer
leitfahigen Unterschicht (2) aufweist.

Triboelektrischer Faserqualitéatssensor (S) nach An-
spruch 1, wobei der triboelektrische Faserqualitats-
sensor weiter ein zweites ebenengleiches Paar von
einander benachbarten Elektroden umfasst, das
zum Kontaktieren der Faser (H) angeordnet ist, um
eine zweite Spannung Uber den Elektroden zu er-
zeugen, wobei die zweite Spannung die Faserqua-
litdt (H) anzeigt, wobei das zweite Paar von Elektro-
den aufweist:

eine zweite leitende Elektrode (1, Cu) und
eine zweite dielektrische Elektrode (D, 2), die
ein zweites dielektrischen Material (PU) mit ei-
ner leitfahigen Unterschicht aufweist, wobei bei
einer triboelektrischen Reihe von Materialien
das Material der leitenden Elektrode (Cu) zwi-
schen dem ersten (FEP) und dem zweiten (PU)
dielektrischen Material angeordnet ist.

Triboelektrischer Faserqualitatssensor (S) nach An-
spruch 2, umfassend horizontal oder vertikal ab-
wechselnde erste und zweite ebenengleiche Paare
von Elektroden.

Triboelektrischer Faserqualitatssensor (S) nach ei-
nem der vorstehenden Anspriiche, wobei das erste
und/oder zweite ebenengleiche Paar von Elektroden
gekippt, abgeschragt und/oder zickzackférmig sind
oder wobei die ebenengleichen Paare von Elektro-
den in einem wiederholten ineinandergreifenden
Muster, wie einer ineinandergreifenden Gitterstruk-
tur, angeordnet sind.

Triboelektrischer Faserqualitatssensor (S) nach ei-
nem der vorstehenden Anspriiche, wobei das oder
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jedes ebenengleiche Paar von Elektroden weiter ei-
nen Verstarker umfasst, der mit dem Paar von Elek-
troden gekoppelt ist und eine Eingangsimpedanz
aufweist, die 1 TQ Uberschreitet und vorzugsweise
200 TQ betragt.

6. Haarfrisiervorrichtung, umfassend:
einen triboelektrischen Faserqualitdtssensor (S)
nach einem der vorstehenden Anspriiche.

7. Haarfrisiervorrichtung nach Anspruch 6, weiter um-
fassend einen Mikroprozessor zum Analysieren des
ersten Spannungssignals.

8. Haarfrisiervorrichtung nach Anspruch 7, weiter um-
fassend einen Indikator zum Bereitstellen, als Reak-
tion auf eine Ausgabe des Mikroprozessors, einer
Anzeige an einen Benutzer, dass der Benutzer eine
Behandlung anhalten sollte, um eine Uberhitzung zu
vermeiden.

9. Haarfrisiervorrichtung nach Anspruch 7 oder 8, wo-
bei die Haarfrisiervorrichtung zum Modifizieren einer
Temperatureinstellung als Reaktion auf eine Ausga-
be des Mikroprozessors ausgelegt ist.

Revendications

1. Capteurde qualité de fibre triboélectrique (S) destiné
a détecter une qualité d’'une fibre (H), le capteur de
qualité de fibre (S) comprenant une premiére paire
d’électrodes dans le plan mutuellement adjacentes
agencées pour entrer en contact avec la fibre (H)
pour générer une premiére tension sur les électro-
des, la premiére tension étant indicative de la qualité
de la fibre (H), la premiere paire d'électrodes
comprenant :

une premiere électrode conductrice (1, Cu), et
une premiere électrode diélectrique (D, 2) ayant
un premier matériau diélectrique (D, FEP) avec
un support conducteur (2).

2. Capteur de qualité de fibre triboélectrique (S) selon
la revendication 1, le capteur de qualité de fibre tri-
boélectrique comprenant en outre une seconde pai-
re d’électrodes mutuellement adjacentes dans le
plan agencées pour entrer en contact avec la fibre
(H) pour générer une seconde tension sur les élec-
trodes, la seconde tension étant indicative de la qua-
lit¢ de la fibre (H), la seconde paire d’électrodes
comprenant :

une seconde électrode conductrice (1, Cu), et

une seconde électrode diélectrique (D, 2) ayant
un second matériau diélectrique (PU) avec un
support conducteur, dans lequel dans une série
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triboélectrique de matériaux, le matériau de
I’électrode conductrice (Cu) estagencé entreles
premier (FEP) et second (PU) matériaux diélec-
triques.

Capteur de qualité de fibre triboélectrique (S) selon
la revendication 2, comprenant des premiére et se-
conde paires d’électrodes dans le plan alternées ho-
rizontalement ou verticalement.

Capteur de qualité de fibre triboélectrique (S) selon
I'une quelconque des revendications précédentes,
dans lequel les premiére et/ou seconde paires
d’électrodes dans le plan sont inclinées, penchées
et/ou en forme de zigzag, ou dans lequel des paires
d’électrodes dans le plan sont agencées selon un
motif entrecroisé répété, tel qu’une structure de grille
entrecroisée.

Capteur de qualité de fibre triboélectrique (S) selon
I'une quelconque des revendications précédentes,
pour la ou chaque paire d’électrodes dans le plan
comprenant en outre un amplificateur couplé a la
paire d’électrodes et ayant une impédance d’entrée
supérieure a 1 TQ etde préférence étant de 200 TQ.

Dispositif de soin capillaire, comprenant :

un capteur de qualité de fibre triboélectrique (S) se-
lon I'une quelconque des revendications précéden-
tes.

Dispositif de soin capillaire selon la revendication 6,
comprenant en outre un microprocesseur pour ana-
lyser le premier signal de tension.

Dispositif de soin capillaire selon la revendication 7,
comprenant en outre un indicateur pour, en réponse
a une sortie du microprocesseur, fournir une indica-
tion a un utilisateur que I'utilisateur doit arréter un
traitement afin d’éviter une surchauffe.

Dispositif de soin capillaire selon la revendication 7
ou 8, dans lequel le dispositif de soin capillaire est
agenceé pour modifier un réglage de température en
réponse a une sortie du microprocesseur.
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