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(54) Title: INDUCTION COOKING APPLIANCE

(57) Abstract: A system for operation of an induction stove in-
cludes an AC to DC voltage converter receiving AC voltage from
a power input, a voltage sensing unit coupled to the converter and
comprising an optocoupler, and a processor coupled to the sensing
unit for receiving voltage information from the unit and con-
trolling at least one of input voltage, input current, and oscillation
frequency of a heating coil of the induction stove. A method for
operating an induction stove includes converting an AC voltage
from a power input to a DC voltage, supplying the DC voltage to a
voltage sensing unit coupled to the converter and comprising an
optocoupler, transmitting a voltage measurement from the sensing
unit to a processor, and controlling at least one of an input voltage
and oscillation frequency to a heating coil of the induction stove
via the processor based at least in part on the voltage measure-
ment.
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TITLE OF INVENTION

INDUCTION COOKING APPLIANCE

FIELD OF THE INVENTION

[B001] The present invention relates 1o induction stoves. Mors
particularly, the present invention relates 1o induction stove assembilies having
improved safety and convenience and devices for improving the safety and

convenience of an induclion stove.
BACKGROUND OF THE INVENTION

[0002] Like a iraditional electric stove, an induction siove uses
eleciricily o generale heal. However, instead of healing a resistive slement
{such as a coll of metal} by passing electric current through it, an induction
stove generates an oscillating magnelic fisld that causes the cooking vessel
itself to be heated. The term “cooking vessel,” as used throughout this
specification, refers {o any pot, pan, skillet or other article in which food or

other material is placed 1o be heatad on a stove.

[6003] In an induction stove, a wire ooil located bensath the cook-
fop receives an alternating electrical current, and thereby creates an
oscillating magnetic fisld. When a cooking vessel made from a ferromagnetic
material is placed on the cook-iop, the osciilating magnetic field causes the
ferromagnetic material to heat up. The ferromagnetic material is heated by
meaans of magnetic hysteresis loss in the ferromagnetic material as well as by
eddy currents created in the ferromagnetic material (which generaie heat due
to the slectrical resistance of the material). The mechanisms by which an
induction stove generates heat in a cooking vessel are well known to those of
skill in the art. Typically, no portion of the cook-iop itself is directly heated by

the induction heating slement, unlike in & fraditional electric stove, where a
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circular heating glement is heated in order o heat a cooking vessel that is

placed thergon,

[0604] Due to the numerous advaniages associated with use of
induction stoves, they have become popular all over the world. The variety of
locations in which induction stoves are used means that induction stoves
encounter a variety of electrical power systems from which they draw
electricity. In the U.S., for example, the standard voltage in North America of
the general-purpose AC power supply is between 100 and 127 V, while in
most of Europe, itis around 230 V. Itis disadvantageous for manufaciurers of
induction stoves 1o be required to ouifit their producis with numerous different
slectrical components o accommodate different markets around the world, It
is similarly disadvantageous for individuals who move from one region to
another o be required 1o purchase an adaptor or even a replacement

induction stove.

[0005) Also, becauss they are fully electric, induction stoves create
the possibility of improved temperature sensing and temperaiure and cooking
control. Typical cock-tops are not able to monitor or control the temperature
of the cooking vessel directly. For example, in gas stoves, the only control a
user has is over the flame height. The ability to control the temperature of the
cocking vessel would provide cooks with better control over their preparation
of food. Betler temperature control would alse enable improved safely

foatures, like auto shut off and the like.

[00086] Finally, induction stoves are popular for mobile instaliations
such as in recreational and commercial boals, recreational vehicles, and
campers. These installations creale additional safety concems because of
the additional risk of spilling during cooking, which arises because the
induction stove is effectively in motion. Boat safety organizations have
crealed safety standards o guide consumers in this area, and these include

requirements related fo the angle from horizonial at which a cooking vessel
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will slide off of a coole-top. One such organization has sel a minimum piich
angle of a cook-top {measured from horizontal} before which a cocking vessel

will fall or slide off in order for that cook-iop to be considerad safe.

[0007] What is desired therefore, is an assembly and/or device that
will improve the compatibility of induction stoves with a variety of electrical
power supply grids, while enabling an induction stove to maintain consistent
power levels for a sefling regardless of input voitage or frequency. What is
also desired is an assembly and/or device that will protect the cook-{op
surface of an induction stove while permitting better control over the
temperature in the cooking vessel. What is further desired is an assembly
and/or device that will improve the safety of an induction stove installed in a

mobile environment.
SUMMARY OF THE INVENTION

(0008} In order io overcome the deficiencies of the pricr artand to
achieve at least some of the objects and advaniages listed, the invention
comprises a system for operation of an induction slove, including an AC to DC
voltage converter receiving AC voliage from a power input, a voltage sensing
unit coupled fo the voliage converter, the voltage sensing unit having an
optocoupler, and a processor coupled to the voltage sensing unit for receiving
voltage information from the vollage sensing unit and controlling at least one
of an input voltage, an input current, and an oscillation frequency of at least
one heating coil of the induction stove based at least in part on the voliage

information.

[0608] In some embodiments, the voliage converter is a bridge
reclifier. In additional embodiments, the voliage converter includes a filter for

smogothing the output DC voltage from the converler.

[0010] In certain embodiments, the voltage sensing unit further

comprises at least one vollage divider coupled 1o the voitage converter for
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dividing the voltage received from the voltage converter. In some of these

embodiments, the al least one voltage divider is a resistor.

[B091] In some embodiments, the voltage sensing unit further
includes a voltage to current converter coupled o the optocoupler, the
converter receiving an input voltage and transmitting an output current to the
optocoupler, wherein the input voltage and the output current have a linear
relationship. In additional embodimenis, the voltage sensing unil further
includes a current to voltage converter coupled {o the optocoupler, the
converter recelving an input current from the oplocoupler and transmitting an
output voltage, wherein the input current and the output voliage have a lingar

relationship.

[B612] In certain smbodiments, the system further includes a user
input device that recsives a power level sslection from a user and fransmits il
to the processor. in some of these embodiments, the processor controls the at
feast one of the inpul voltage, the input current and the oscillation frequency
of the at least one heating coil of the induction siove based at least in part on
the power lavel selection from the user. in additional embodiments, the
processor includes a software for calculating an initial drive voltage for the at
least one heating coll based at least in part on the voltage information
received from the vollage sensing unit at a selected power level, a soflware
for calculating an initial input current 10 the at least one healing coll to achieve
the selected power level, a software for calculating a drive frequency of the at
least one heating coll for the selected power level, and a software for
adjusting at least one of the input vollage, the input current and the osciilation
frequency based at least in part on a coll current measured by at least one

sensor that measurss a gurrent in the coil.

6013} The invention also comprises a voltage sensing dircuit for an
induction stove, including at least one vollage divider, a voltage to current

converter coupled o the at ieast one vollage divider, an oplocoupler coupled
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to the voltage to current converter, and a current to voltage converter coupled

to the optocoupler, wherein the vollage sensing circuit senses a DC voltage.

[B094] The invention further includes a voltage sensing circuit for an
induction stove, including at least one voltage divider, a voltage o freguency
converter coupled to the at isast one vollage divider, an optocoupler coupled
to the voltage 1o frequency converter, and a frequency to voltage converter

coupled o the optocoupler.

[0015) A system for operation of an induction stove s also provided,
including an AC o DC voitage converter receiving AC voltage from a power
input, a voltage sensing unit coupled o the converter, the unit receiving a DC
voltage, a processor coupled 1o the vollage sensing unit, the processor
receiving voltage information from said unit and controlling at least one of an
input voltage, an input current, and an oscillation frequency of at leasi one

heating coil of the induction stove.

(0018} In ceriain smbodiments, the voliage sensing is an
optocoupler. in some of these embodiments, the oplocoupler is a linear
optocoupler. In additional embodiments, the oplocoupler includes at least one

LED and at least one photodiode.

[0017] A method Tor operating an induction stove is further provided,
including the steps of converting an AC voltage from a power inputto a DC
voltage via an AC to DC vollage converter, supplying the DC voltage to a
voltage sensing unit coupled fo the converter, the voltage sensing unit
including an optocoupler, transmitting voltage information from the voltage
sensing unit to a processor, and controliing at least one of an input voltags, an
input current, and an oscillation freguency of at least one healing coit of the
induction stove via the processor based at lsast in part on the voltage

information.
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[0618] In some embodiments, the method also includes the step of
smoothing the voltage received from the converter via a filter coupled fo the

converter,

0619} In certain ambodiments, the method further includes the step
of dividing the voliage received from the converter via at least one vollage

divider,

[0020] In some embodiments, the method also includes the step of
receiving an input vollage from the converter and fransmitling an output
current {o the opiocoupier via a voltags to cumrent convertar coupled 1o the
optocoupler. In additional embodiments, the method further includes the step
of receiving an input current from the oplocoupler and transmitling an output
voltage 1o the processor via a current to voltage converier coupled fo the

optocoupler.

[5621] In some cases, the method also includes the slep of
receiving a power level selection from a user via a user input device, wherein
the step of controlling the at isast one of the input voltage, the input current,
and the oscillation frequency to the at least one healing coil of the induction

stove is based at least in part on the powaer level selection from the user,

o022} in certain embodiments, the method also includes the sleps
of calculating an initial drive voliage for the at least one heating coll based at
teast in part on the voltage information received from the voltage sensing unit
at a selected power level, calculating an initial input current to the at least one
heating coil to achieve the selecied power level, calculating a drive frequency
of the at least one heating coil Tor the selected power level, and adjusting at
lsast one of the input voltage, the input current and the oscillation frequency
based at least in part on a coil current measured by al least one sensor that

measuras a current in the coil.
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[00623] The invention further comprises an induction stove, including
a heating coil, an AC 1o DC voltage converter receiving AC voltage from a
powsr input, a voltage sensing unit coupled to the converter and comprising
an optocoupler, the unit receiving a DT voltage from the converter, and a
processor receiving voltage information from the voltage sensing unit and
controlling at least one of an input voltage, an input current, and an oscillation

frequency of the healing coil based on the vollage information.

[0024] in some embodiments, the voltage sensing unif further
includes at least one vollage divider coupled to the vollage converter for

dividing the voltage received from the voltage converter,

[6025} in certain embodiments, the voltage sensing unit further
includes a voltage o current converier coupled o the oplocoupler, the
converter recaiving an input voltage and fransmitling an cuiput current {o the
optocoupler, wherein the input vollage and the output current have a linear
relationship. In additional embodiments, the voltage sensing unil further
includes a current {o voltage converier coupled o thes optocoupler, the
converter recelving an input current from said oplocoupler and transmitting an
output voltage, wherein the inpul current and the output vollage have a linear

relationship.

[6028] in some embodiments, the system also includes a user input
device thal receives a power level sslection from a user and fransmits il to the
processor. In certain of these embodiments, the processor controls the at
lsast one of the input voltage, the input current and the oscillation frequency
of the at least one healing coil of the induction stove based at least in part on

the power level selection from the user.

[o027] In some cases, the processor includes a software for
caloulating an initial drive voltage for the at least one heating coll based at
teast in part on the voltage information received from the voltage sensing unit

at a selected power level, a software for caloulating an initial input current fo
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the at least one heating coll {0 achieve the selected power level, a software
for caiculating a drive frequency of the at least one heating coil for the
selected power level, and a software for adjusting at least one of the input
voltage, the input current and the oscillation frequency based at least in part
on a coil current measured by at least one sensor thal measures a current in

the coil.

jeo281 Other objects of the invention and iis particular features and
advantages will becoms more apparent from consideration of the Tollowing

drawings and accompanying detailed description.
BRIEF DESCRIFPTION OF THE DRAWINGS

[eo291 FIG. 1is a perspeclive exploded view of one exemplary

embodiment of an induction stove according to the present invention.

o030} FIG. 2Ais a bottom view of an insulating mat for use with the

induction stove of the present invention.
6031} FIG. 2B is a top view of the mat of FIG. 2A.

0327 FIG. 2C is an enlarged view of a portion of the mat labeled "C” in
FIG. 2A.

00331 FIG. 2D is an enlarged view of a portion of the mat labeled "7 in
FIG. 2A.

00347 FIG. 2E is an enlarged view of a portion of the mat labeled "E” in
FIG. 2A.

00357 FIG. 3 is a block diagram of a systemn for operation of the

induction stove in accordance with the present invention.

[e036) FIG. 4 is a circuil diagram of ong embodiment of a voltage

sensing unit of the system for operation of the induction stove of FIG. 3.
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[0037; FIG. 5 is a circuit diagram of an additional embodiment of a
voltage sensing unit of the system for operation of the induction stove of FIG.
3.

[eo3e} FIG. 6 is a system operation flow chart for one embodiment of

the induction stove of the present invention.

[eo39t FIG. 7 is a system operation flow chart for an additional

embodiment of the induction stove of the present invention.
DETAILED DESCRIPTION OF THE INVENTION

[oo407 FIG. 1 Hustrates one exemplary embodiment of an induction
stove in accordance with the present invention. The induction stove (10) has
a cook-top (11) that rests on and is secured {0 a cabinet (12). The stove
includes at least one induction coll (31, 32) {or burner) having at least one
induction cooking zone (13, 14 respectively). The stove (10) utilizes the
coii{s) {31, 32) to create an osciliating magnetic field that interacts with and
generates an amount of heat in a cooking vessel located in an induction
cooking zone of the stove. The stove (10) further includes user
interface/controls {(16), ©.¢., power selection butions and temperature

selection buttons for each cooking zone.

[ee411 The induction cooking zones (13, 14) may have different sizes.
For example, as shown in this figure, zone (13) is a larger cooking zone than
zone (14) and has a larger horizontal extent. A larger induction cooking zone
is able to heat a large cooking vessel quicker and more evenly than a smaller
induction cooking zone would heat that same vessel. Each induction cooking
zone (13, 14} has associated with if a recess (23, 22 respectively) formed in
the cook-top (11). The recesses {Z3, 22} in the cock-top (11} shown in FIG. 1
are circular in order to correspond {0 the overall shape of the magnetic fields

formed in the induction cooking zones, but can also have a different shape.
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(00421 In the embodiment shown in FIG. 1, the coolc-top (11) comprises
a top panel {(21) and a bottom panel (203, The top panel (21} is mads of any
material suitable for an induction stove cook-top, including ceramic, glass,
high density thermoplastics, non-ferromagnetic metals (such as aluminum),
etc. The botlom pansl (20} is secured o the underside of the top panel (21} in
a permanent or semi-permanent fashion by use of adhesives or any other
means for joining ceramics, glasses, or other suitable malerials. Generally,
the bottom panel (20) is made of the same material used for the {op panel
{21}, but the panels may be of different materials 80 long as they are suitable
for use as an induction stove cook-top. It has been found that ceramic glass
is advantageously used for both the top panel and the botiom panel. ltis
undersiood that the stove design illustrated in this figure is only exemplary
and other suitable designs may be used in accordance with the present
invention. For example, many preferred embodiments comprise a smooth
coclk-top formed of ceramic, glass, or other suitable materials that does not

have recesses.

(00437 The induction stove (10) may also include one or more pads (17,
18} each associated with a cooking zone and a recess, as shown in FiG. 1.
The pads may have protrusions on their undersides that interact with
corresponding recesses in the cook-top {(11) to prevent unwanied horizontal
{or sliding) movement of the pads with respect (o the cook-top. While the
pads resist horizontal movementi, they are easily removable by vertically lifing
the pads off of the cook-top. The pads are not permanently or semi-
permanently secured to the cook-top, thus enabling them to be easily

removed and replaced with cther, similar pads.

[0044; it is undersiood that other types of pads or mats may be used
with the induction stove of the present invention. Ancther exemplary
embodiment of a mat is shown in FIGS. 2A-2E. The mat (50) comprises a
thermally insulating portion (52} and a thermally transmissive portion (§4).

The thermally transmissive portion (54) is formed from a material having a
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higher thermal conductivity than a material of which the thermally insulating
portion (52} is formed. The thermaily insulating portion (82} is typically formed
of a material that is resilient, fiexible, and that provides sufficient surface tack
to prevent it from sliding off of a smooth cook-lop. The mat (50) is particularly

well suited to smooth cook-tops that do not have recesses.

[o045] The generally reclanguiar thermally insulating portion {52}
includes two openings for two thermally transmissive portions or disks (54).
The insulating portion (52) is made of a non-flammable and non-ferrous
material, such as silicone. The function of the thermally insulating portion (52)
of the mat {80} is o limil the amount of heat that can build up in the cook-top
surface {11} of the stove (10} due to the cocking vessel being heated. The
mat {80} in general and the insulating portion (52} in particular also protects

the cock-lop (11) of scratches or cracks.

00487 The bollom view of the mat (50) in FIG. 2A shows the patlern of
protrusions formed on the botiom surface of the thermally insulating portion
(52). This pattern improves the capability of the mat (50) for remaining on the
cook-top (11) even when subjected to pitch angles. The pattern is shown in
additional detall in FIGS. 2C-2E and comprises square protrusions {(88) in the
area thal would be substantially underneath a cooking vessel and wave-
shaped protrusions (58) surrounding those areas. The area of square
protrusions (58) generally corresponds o the area in which an induction coll
of the stove {10} will heat a cooking vessel placed therein. Applicanis’ tests
have determined that this patiern of protrusions in the embodiment shown
prevents the mat from slipping off of a wet cook-top until 2 45° pitch is
reached. However, it is understood that other patiemns of profrusions may be

usad on the mat.

(60477 The thermally transmissive portion (54} is formed of a material
that will conduct heat generated in the cooking vessel {0 a spot on the cook-

fop, such as e.g. aluminum. The transmissive portions {54) of the mat (50}
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are located so that they are generally in the center of the induction cooking
zones of the stove, but the location of the transmissive portion in the mat can
be varied based on the particular embodiment. The fransmissive portions
{54} make direct contact with both the bottom surface of a cooking vessel and
the top surface of the cook-top of the stove. The function of the transmissive
member is 1o conduct the heat generated in the cooking vessel to a
femperature sensor located undemeath or at the surface of the cook-top. The
fransmissive member permils the stove (o more directly monitor the
temperature in the cooking vessel despite the presence of the thermally

insulating portion of the mat.

o481 FIG. 3 is a biock diagram of a sysiem for operation of the
induction stove in accordance with the present invention. The system (100}
includes an AC power input {110) and one or more sensing units (112) that
meaasure the AC input voltage. An AC to direct current {(DC) converter (112} is
coupled o the AC power input (110). The converter converls the input AC
voltage to the output DC voltage. Any suitable converter may be used with the
system of the present invention. In ceriain advantageous embodiments, a
bridge rectifier is used in the converter circuitry (112). A bridge rectifier
provides full-wave reclification from a two-wire AC input, resulting in lower
cost and weight as compared 10 a rectifier with a 3-wire input from a

transformer with a secondary winding.

o049} In addilional advantageous embodiments, the vollage converter
(112} includes a filter (120), e.g. at least oneg capacitor, that functions {o
smooth out the output of the converter 1o product a steady constant DC
voltage. Any type of filter known in the art may be used in accordance with

the invention.

(60507 The oulpul DC voltage from the converter (112) is received by
the voltage sensing unit {114) coupled o the converler. The voltage sensing

unit {112) measures the input voliage from the AC power input and transmits
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the measured voliage information to a processor {(116). The voltage sensing
unit {112} also functions as an isolation unit to block high voltages and voltage
transients so that a surge in the power input line will not disrupt or destroy the

processor (116).

[0051] One exemplary embodiment of the voltage sensing unit in
accordance with the present invention is illustrated in FIG. 4. The sensing
unit (150} receives a DC voltage input (152) — 340VDC in this example — from
the AC to DC converter {(112) described above. This voliage is then
transmitled o at least one voltage divider {154), which produces an output
voltage that is a fraction of its input voltage. In the embodiment llustrated in
this figure, the voltage divider {154} comprises two resistors connected in
series; however, it is understood that other suitable voltage dividers may also
be used. In some embodiments, the sensing unit {150) may also include a
noise filter (155), such as e.g., a capaciior, coupled to the voltage divider
(154) for filtering undesirable noise components from the DC vollage in the

sensing unit (150).

[0082] After the vollage is reduced by the divider (154), i is supplied to
a voltage-to-current converter (188) that converts an input voltage into an
output current. In some advantageous embodiments, the input voltage and
the output current have a linear relationship.  The advantage of using DC
current signal as opposed to BC vollage signal is that current signals are
exactly equal in magnitude throughout the series circuit loop carrying current
from the source {measuring device) to the load {controlier), whereas voltage
signals in a parallel circuit may vary from one end o the other due o resistive
wire losses. Additionally, current-sensing instruments typically have low
impedances {while voltage-sensing instruments have high impedances),
which gives current-sensing instruments greater electrical noise immunity. |
is undersiood that the voltage-to-current converter (156} illustrated in this
figure is only exemplary and that any other suilable converier may be used.

The converter (156) may include an additional voltage input (157} to
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compensate for signal loss through this circuit 10 ensure an accurate voltage

measurement by the sensing unit (150).

[0053] Once the DC vollage signal is converted into the DO current
signal by the converter (158), the DC current signal is supplied to an
optocoupler (158) coupled to the converter. In one advaniageous
embodiment, a linear optocoupler is used. The oplocoupler comprises al least
one source of Hght (162) and at least one photosensor (164), with a closed
optical channsl in between. In the embodiment llustrated in FIG. 4, the
source of light (682) comprises one or more light-emitling dicdes (LED)} and the
photosensor (164) comprises one or morg photodiodes. It is understood,
however, that other types of oplocouplers can be used as well. The LEDs
{162} convert the electrical input signal into light, which is then detected by the
pholodiodes that convert it into current. The optocoupler (158) functions o
provide an electrical isolation boundary between the power input (110) and
the processor (116) 1o prevent surges in the power input line from disrupling
or destroving the processor (116}, The use of an oplocoupler in the vollage
sensing unit is advantageous over the use of a transformer because it allows
for a more accurate voliage measurement and also provides a better electrical

isolation between the system components.

(00847 The current output from the optocoupler (158) is then
transmitled o a current-to-voltage converter (160) connected io the
optocoupler. The converter (160) converts the input current from the
optocoupler (158) to a proportional amount of output voltage. In some
embodiments, the converter {160} includes an additional voltage input (158} to
minirmize signal loss through the circult to Tacilitate a more accurate voltage

measurement by the sensing unit (150).

(00557 it should be undersiood that various components of the voltage

sensing unit (150) illustrated in FIG. 4 and described above are only
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exemplary and may be replaced by other suitable componenis known in the

art.

[ooss] Anocther exemplary embodiment of the voltage sensing unit is
shown in FIG. 5. In this emboediment, the voltage sensing unit (180} has a
power input {182), a voltage divider {184), a noise filler (185), and an
optocoupler (188) similar to those described above in reference o FIG. 4.
However, in this embodiment, the vollage-io-current and current-io-voliage
converters are replaced by a voltage-to-frequency converter (186) and a
frequency-to-vollage converter (180). The vollage-to-frequency converter
{188) receives the DC voltage input from the voliage divider {184} and
converts it 1o a frequency signal, which is then supplied to the oplocoupler
{188). The optocoupler turns the LEDs (187) on and off al the input frequency
and the photodiodes (188) detlect this frequency, which is then transmiited
from the optocoupler {(1886) to the frequency-to-voliage converter (180}, The
converter (180) converts the input frequency into an culput voltage, which is
then transmitied to the processor. Again, this design of the voltage sensing

unit is only exemplary and other suitable designs may be utilized.

(0605737 In additional embodiments, the frequency-lo-voltage converter
(190) connecled between the optocoupler and the processor may be
gliminated. In this case, the frequency cutput from the optocoupler is
transmitied to the processor as a digital signal. The processor then calculales
the frequency of this input signal from the oplocoupler and determines the

input AC vollage based on this frequency.

{0088} Referring back to FIG. 3, the procaessor (116) is connegled to al
least one heating coll (117) of the induction stove. The system’s control
circuitry includes a sensor for measuring the current in at least one induction
heating coil (117} and a driver for driving the coil (117} at a plurality of
frequencies, both coupled o the processor (118}, The systerm {100) further

includes a user input device (122) that receives a power level andfor
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temperature sglection from a user and transmits it {o the processor {116),

which drives the coil (117) to achieve the selecied power levelfiemperature.

[00588] Any suitable type of a processor may be used in accordance
with the present invention. In ong exemplary embodiment,
dsPIC33FJIXXGEXO microprocessor model, and in particular,
dsPIC33FJ16GS504 model, is used with the system (100).

[0060] The processor (116) has a software for controlling the heating
coif {117} so that it mainiains consisient power lavels at a seleched sething
regardigss of the input voltage or frequency. The software takes the
measured inpui voltage from the voltage sensing unit (114) and uses it o
calculate the initial drive voltage for the coll (117) at the selected power level.
This is then used to calculate the initial current that should be supplied o the
coil (117} 10 achieve the selected powerievel. The software then calculates
the frequency at which to drive the coll (117} for that power level. The
sofiware adjusts the frequency based on the measured coll current. If the coll
current is too low {and therefore the power is {00 low), the circuitry will lower
the coll drive frequency, which makes the coll frequency closer to the oplimum
resonance frequency of the coil. If the coll current is {oo high {(and therefore
the power is too high), the circuitry will raise the coil drive fregquency to make it

further from the optimum resonance frequency of the coil.

(0081} The induction stove of the present invention is advantageous in
that it monitors the AC input voltage and current in real time and adjusts
accordingly so that the stove will operate over a range of input voltages and
currents. For example, a particularly advantageous embodiment permits the
stove to function over the range of 100VAC up 1o 250VAC at 50Hz or 80Hz.
Additionally, the induction stove of the present invention makes it possible to
maintain consistent power levels for a setting regardiess of input voliage or

frequency.
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[pos2; FIG. 6 lustrates an exemplary embodiment of the basic conirol
loop logic for the system of the present invention when it is in a single bumer
operation condition. First, the system measures (210) an AC input voltage
from the power inpul ine. The voltage is measured by one of the vollage
sensing unils described above and is fransmitied o the processor. This
measursd vollage information is used by the processor to determine the
desired current level for a particular power setling, which is either preset or is

selected by a user via the user input.

(606837 Next, an AC input current is measurad {212) by the system and
fransmitied to the processor. The input current measurement is usad as an

additional validation of the coll current measurement.

[0064] The system then determines (213) what setling has been
selected by the user for the heating coil via the user input. This determines
the desired power level. The processor then calculates (214) the desired coil
current by using the AC input voltage from the voltage sensing unit to
determine what the drive voltage will be and then calculating the current for

the setting on the coil.

[oo8s] The processor then drives (216) the heating coil at an estimated
frequency. The first time through, this step is based on an initial calculation of

the current. After that, this step is based on the measured current in the coil.

[eos6] Next, the system measures {218} the coil current via at lsast one
sensor and transmits the measured coll current o the processor, which
analyses the measured current and compares it to the desired coll current. If
the coll current is too low {and therefore the power is 100 low), the processor
will instruct (220) the coil driver to lower the coil frequency, which brings the
drive circuit/coit closer to optimum resonance and therefore, higher power, |f
the coil current is 100 high {and thus the power is too high), the system will
instruct (222} the driver to raise the coil frequency, which moves the drive

circuit/coll farther from oplimum resonance and therefore, lower power.
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(00677 The sysiem will then continucusly return 1o the siep (218) of
measuring the current in the heating coil and adjusting (220, 222) the coil
frequency accordingly 1o ensure that the induction siove maintains consistent

power levels for a particular selected setting.

jeose; FIG. 7 ilustrates the basic control loop logic for the induction
stove of the present invention with at least two induction healing coils. The
software described above functions similarly in this embodiment, except that
the system measures the currents at both coils and compares them against
the power capacily of the complate system. Similarly to the embodiment
above, the system first measures (310} an AC input voliage o determine the
desired current level for a particular power setting. Then, an AC input current
is measured (312) and is usad {0 keep the maximum power draw within the

spedifications and to adjust the coil setlings in a power sharing arrangemaent.

[0069] Next, the system then delermines (314) what setting has been
selected by the user for the heating coils via the user input, which is used to
detarmine the desired power level. The processor then calculates (318) the
desired first coll current by using the AC input voltage from the voltage
sensing unit to determine what the drive vollage for the first coil will be and
then caiculating the current for the selting on the coils. The processor then
drives {318) the first heating coil at an estimated frequency, which is first
based on an initial calculation of the current, and then based on the measured

current in the first coil.

[0e707 Then, the system measures (320) the current in the first coll,
which is compared to the desired coll current. If the current in the first coil is
too low {and therefore the power is {00 low), the processor will insiruct (322)
the coll driver to lower the first coll frequency, which brings the drive
circuit/coll closer to oplimum resonance and therefore, higher power. if the

surrent in the first coil is too high {(and thus the power is oo high), the system
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will instruct (324) the driver to raise the first coll freguency, which moves the

drive circuit/coll farther from oplimum resonance and therefore, lower power.

(o071} Next, the system caloulates (326) the desired current in the
second heating coil. Upon receipt of the desired power level for the second
coif after the first coll has already been set per the above description, the
system calculales the appropriate current to apply to the second coll based on
the selected power level and, iT that current plus the current being applied o
the first coll exceeads the maximum total power of the system, the current to
the first coil will be adjusted (328) to accommodate the current {o the second
coil. The opposite occurs in instances where the first coll is activated after the
second coil —the system will reduce current to the second coil if the
combination of the current requirements of the coils exceeds the tolal capacity

of the system.

06727 The processor then drives (330} the second heating coll at an
estimated frequency, which is first based on an initial caloulation of the
current, and then based on the measured current in the second coil. The
current in the second coil is then measured (332} and compared o the
desired coll current. If the current in the sacond coil is {00 low (and thersfore
the power is too low), the frequency of the second coil is (334), which brings
the coll closer to oplimum rgsonance and therefore, higher power. if the
current in the second coil is too high (and thus the power is (0o high), the
frequency of the second coll will be raised (336), which moves the coil farther

from optimum resonance and therefore, lower power.

00731 The systermn monitors AC input voltage and current in the colls in
real time to adjust accordingly such that the induction stove maintains

consistent power levels for a particular selected setting.

6074} In one advantageous embodiment, the induction stove operation
and control system of the present invention allows the user to select a desired

temperature of a cocking vessel placed on the stove. In this embodiment, the
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induction stove includes at least one temperature sensor positioned adjacent
the cook-top in the area in which the heating coil creates heat in a cooking
vessel. The stove includes memory, data processing equipment, and
sofiware, firmware, and/or hardware o receive an input from the power
control that is indicative of the user’s desired temperature and an input from
the temperature sensor. The siove calculates the temperature in a cooking
vessel being used based on the temperature sensor input and attempts to
match that calculated temperaturg o the user-selected temperature. The
stove will vary the amount of current supplied to the coil or will vary the
frequency of oscillation of the current supplied to the coll in order 1o conlral
the temperature of the cooking vessel. The stove’s caloulation of the vessel
temperature takes into account the separation distance between the sensor
and the vessel, the material of the cook-top, the magnetic profile of the vessel,

and other relevant faclors.

[60757 The foliowing is a2 more detailed description of how the induction
stove controls the temperature of the cooking vessel in response {o the user's

selection of a cooking temperature:

[oe78] After the stove is set {o a lemperature control mode, the user
inputs the desired temperature for the cooking vessel. Al least one
temperature sensor is mouniad below the cook-top and is connected {o the
cock-top surface using at least one thermally conductive pad. An example of
a suitable temperature sensor is an NTC thermistor. In soms embodiments,
the thermistor is mounted in the center of the induction coil. The temperature
sensor provides a voltage signal that varies according 1o the temperature of
the sensor. in the case of a thermistor, the electrical resistance varies with
temperature and therefore the voltage of an eleclrical signal sent through i
will also vary. in some embodiments, the voltage signal to and/or from the
temperature sensor is transformed. In some embodiments, thisis

accomplished using one or more 2.2K resistors.
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[00771 The voltage signal from the temperature sensor is then input to
the processor of the stove. In some embodiments, the voltage signal is first
converted from an analog signal to a digital signal containing the necessary
voltage level information using, for example, one or more analog-to-digital
converters. The signal received by the processing unit is then used to
calculate the sensor's temperature. This is dong, in some embodiments,
using a lookup table based on the particular sensor's characieristics. For
example, the look-up table can be provided for a particular thermistor based

o its resistance versus temperaiure equation.

[pe78] This provides a measure of the sensor lemperalure, so nextitis
advantageous fc make a compensation to obtain the temperature of the
cooking vessel on the other side of the cook-top from the sensor. The
equation used in one embodimeant of the invention 1o caloulate the
temperature of the cooking vessel based on the temperature of the sensor is:
{change_of change_of Frobe temp * factor_¢). Where, “‘Pol_temp” is the
cooking vessel temperature and “probe_temp” is the sensor temperature.
The first component, {probe_temp ™ factor_a), is the sensor temperature

multiplied by a constiant established based on the specific embodiment.

[0079] The second part of the foregoing equation,
{change_of probe lemp * faclor_b), is a first compensation factor. This factor
is, essentially, the velocity of the sensor temperature or, in other words, the
change in the sensor temperature over time. The "facior_b” is a constant
spacific to the embadiment. in one embodiment of the invention, the
{change_of probe temp ™ faclor_b)is equivalent o taking a percentage of the
change over lime in the measured lemperature minus the ambient

temperature.

[ooag] The third part of the foregoing sguation,

{change_of change_of Probe lemp ™ factor_c), is a second compensation
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factor that is, essentially the acceleration of the sensor femperature. In other
words, it is the change of the change of the sensor temperatlure over time.
The "factor_¢” is a constant specific 1o the embodiment. In one embodiment,
the velocity and acceleration compensations are calculated based on the

previous 10 seconds of measuremenis.

[eo81}] These compensation faciors lead to a more acourate calculation
of the temperature of the cooking vessel. They arg utilized to account for the
temperature gradient through the cook-top, Le., the amount of heat that is lost

or otherwise dissipated in the cook-top.

[eo821 Once the cooking vessel temperature is caiculated, itis
comparad io the desired temperalure selling. I the caloulated temperalure is
oo low, the burner power is increased, and if the calculated temperalure is

too high, the burner power is reduced.

(80831 In order to maintain smooth and consistent control over the
cocking vessel temperature, the temperature conirol system in some
embodiments is designed {o perform the foregoing steps and caloulations at
regularly spaced intervals. For example, the adjusiment is performed avery
10 seconds in some embodiments. Further, in some embodiments, a
Proportional Integral (P} eguation based on the error of the desired

temperature minus the computed cocking vessel temperature is used.

[co84] The temperaiure control functions of the stove are performed by
the appropriate combination of dala storage, memaory, sofiware, firmware,
compuier procassors, and other hardware. Although the above descripiion
refers {0 use of the temperaiure confrol system in conjunction with a stove
having at least one heating coil, the temperature control system is useful in

stoves having any desired number of colls.

{00857 The temperature control system of the present invention is

implemented in induction sioves having a wide variety of characierisiics. itis
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simply a matter of calibrating the factors adjusted for by the stove to properly
calculats the temperature in the cooking vessel. For exampls, the system is
useful when a cooking vessel is placed directly on a cook-top. Similarly, the
system can be calibrated Tor use when a cooking vessel is placed on a
protective mat, which has been placed on fop of the cook-top. In some
embodiments, such a mat has a thermally transmissive portion for betler
fransmitting heat from the cooking vessel to the temperature sensor, as

describad below.

[eo86} it should be undersiood that the foregoing is iHustrative and not
fimiting, and that obvious modifications may be made by those skilled in the
art without departing from the spiril of the invention. Accordingly, reference
should be made primarily to the accompanying claims, rather than the

foregoing specification, to determine the scope of the invention,



WO 2016/037177 PCT/US2015/048880

- 24 -

What is claimed is:

1. A system for operation of an induction stove, comprising:

an AC 1o DC voltage converter receiving AC vollage from a power input;

a voltage sensing unit coupled o the voliage converier, said voltage
sensing unit comprising an optocouplern and

a processor coupled o the voltage sensing unil for recelving vollage
information from said voltage sensing unit and controliing at least one of an
input voltage, an input current, and an oscillation frequency of at least one
heating coil of the induction stove based at least in part on said voltage

information.

2. The system according to claim 1, wherein said voltage converler is a

bridge rectifier.

3. The system according to claim 1, wherein the voltage converter

comprises a filter for smogothing the output DC voltage from said converter,

4. The system according o claim 1, wheregin said voltage sensing unit
further comprises at least one voltage divider coupled to said vollage

converter for dividing the voitage received from said voliage converter.

5. The system according to claim 4, wherein the at least one voltage

divider is a resistor.

8. The system according o claim 1, wheregin said voltage sensing unit
further comprises a vollags to current converter coupled to said oplocoupler,
said converter receiving an input voltage and transmitting an output current {o
said optocoupler, wherein the inpul voltage and the oulput current have a

linear relationship.
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7. The system according to claim 1, whergin said voltage sensing unit
further comprises a current to voltage converter coupled {o said optocoupler,
said converler receiving an inputl current from sald oplocoupler and
transmitting an output voltage, wherein the input current and the ouipud

voltage have a linear relationship.

8. The sysiem according to claim 1, further comprising a user input device
that receives a power level selection from a user and transmits i 10 said

Processar.

9. The systerm according to claim 8, wherein said processor controls the
at least one of the input voltage, the input current and the oscillation
frequency of the at least one heating coll of the induction stove based at least

in part on the power level selection from the user.

1. The system according to ¢laim 8, wherein said processor comprises:

a software for caloulating an initial drive voltage for the al least one
heating coil based al least in part on the voltage information received from the
voltage sensing unit at a selecied powaer level;

a software for calculating an initial input current {o the at least one
heating coil to achieve the selected power level;

a software for caloulaling a drive frequency of the at least one heating
coil for the selected power level;, and

a software for adjusting at least one of the input voltage, the input
current and the oscillation frequency based atleast in part on a coll current

measured by at least one sensor that measures a current in the coll,

11, Avollage sensing circuit for an induction stove, comprising:
at least one voltage divider;
a voliage to current converter coupled 1o the at least one voltage

divider;
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an optocoupler coupled 1o the voliage to current convertar; and
a current {0 voltage converter coupled to the optocoupler;

wherein said voliage sensing circuit senses a DC voltage.

12, Avollage sensing circuit for an induction stove, comprising:

at least one voltage divider;

a voliage fo frequency converter goupled {o the af least one volltage
divider;

an optocoupler coupled to the voltags to frequency converter; and

a frequency to voltage converter coupled to the oplocoupler.

13. A gystem for operation of an induction stove, comprising:

an AC o DC voltage converter receiving AC voltage from a power
input;

a vollage sensing unit coupled o the converter, said unil receiving a
DC voliage;

a processor coupled 1o the vollage sensing unit, said processor
receiving voltage information from said unit and controlling at least one of an
input voltage, an input current, and an oscillation freguency of al least one

heating coil of the induction stove.

14, The sysiem according to claim 13, wherein said voltage sensing unit

comprises an optocoupler.

15, The system according o claim 14, wherein said oplocoupler is a linear

optocoupler.

16.  The syslem according o claim 14, wherein the oplocoupler comprises

at least one LED and al least one photodiode.

17. A method for operating an induction stove, comprising the steps of:
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converting an AC voltage from a power input to a DC voliage via an AC
to DC voltage converter,

supplying the DC voitage to a vollage sensing unit coupled to said
converter, said vollage sensing unit comprising an oplocoupier;

transmitling voltage information from said voltage sensing unitto a
processor;, and

controlling at least one of an input voltage, an input current, and an
oscillation frequency of at least one heating coil of the induction stove via said

processor based at lgast in part on the vollage information.

18. The method according o claim 17, further comprising the step of
smoothing the vollage received from said converter via a filter coupled to said

converter.

19, The method according to claim 17, further comprising the step of
dividing the voltage received from said converter via atl least one voltage

divider.

20, The method according o claim 17, further comprising the step of
receiving an input voltage from said converter and fransmitting an output
current to sald oplocoupier via a voltage o current converter coupled o said

optocoupler.

21, The method according o ¢laim 17, further comprising the step of
receiving an input current from said optocoupler and transmitiing an oulput
voltage 1o said processor via a current 1o voltage converter coupled to said

optocoupler.

22.  The method according to claim 17, further comprising the step of
receiving a power level selection from a user via a user input device, wherein

the step of controdling the at lsast one of the input voltage, the input current,



WO 2016/037177 PCT/US2015/048880

- 08 -

and the oscillation frequency {o the al least one heating coil of the induction

stove is based at least in part on the power level selection from the user.

23.  The method according lo dlaim 17, further comprising the steps of:

calculating an initial drive voitage for the at least one heating coil based
at least in part on the voltage information received from the vollage sensing
unit al a selectad power level;

calculating an initial input current 1o the at least ong heating coil to
achiave the selecied powsr level;

catculating a drive frequency of the at least one heating coll for the
salected power level; and

adjusting at least one of the input voltage, the input current and the
oscillation frequency based atl least in part on a coil current measured by at

least one sensor that measures a current in the coil.

24, Aninduction stove, comprising:

a heating coil;

an AC to DC voltage converter receiving AC voltage from a power
input;

a voltage sensing unit coupled to the converter and comprising an
optocoupler, said unit recelving a DC voltage from the converter, and

a processor receiving vollage information from the voltage sensing unit
and conirolling at least one of an input voltage, an input current, and an

ascillation frequency of the heating coll based on the voltage information.

25, The induction stove according o claim 24, wherein said voliage
sensing unit further comprises at least one voltage divider coupled o said
voltage converter for dividing the voltage received from said voltage

converter.
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26.  The induction stove according to claim 24, wherein said voltage
sensing unit further comprises a voltage to current converter coupled to said
optocoupler, said converter receiving an input voltage and transmitling an
output current to said optocoupler, wherein the input vollage and the output

current have a lingar relationship.

27.  The induction stove according to claim 24, wherein said voltage

sensing unit further comprises a current to voltage converter coupled to said
optocoupler, said converter receiving an input current from said optocoupler
and fransmitling an oulput voltage, wherein the input current and the output

voltage have a linear relationship.

28.  The induction stove according o claim 24, further comprising a user
input device thal receives a power lavel selection from a user and fransmils it

to said processor.

29,  The induction stove according 0 claim 28, wherein said processor
controls the at least one of the input voltage, the input current and the
oscillation frequency of the at least one heating coil of the induction stove

based at least in part on the power level selection from the user.

30, The induction stove according to claim 24, wherein said processor
coOMmprises:

a software for caloulating an initial drive voltage for the al least one
heating coil based al least in part on the voltage information received from the
voltage sensing unit at a selecied powaer level;

a software for calculating an initial input current {o the at least one
heating coil to achieve the selecled power level;

a software for caloulaling a drive frequency of the at least one heating

coii for the selected power lgvel; and



WO 2016/037177 PCT/US2015/048880

- 30 -

a software for adjusting at least one of the input voltage, the input
current and the oscillation freguency based at least in part on a coll current

measured by at least one sensor thal measures a current in the coll.



WO 2016/037177 PCT/US2015/048880

1/9




PCT/US2015/048880

WO 2016/037177

2/

5

@

—

(
)

g5

£G



WO 2016/037177

50

3/9

PCT/US2015/048880

FIG. 2B

54



PCT/US2015/048880

WO 2016/037177

413

42 'Old




PCT/US2015/048880

WO 2016/037177

5/9

€ Ol

Ji00 SunedH

cch

Z
T
: U0
nday 1050} < » HOSROI0LG < » Fursuog ormyezodun §
} / L
-~ Nl \
LZE
nury Susung 9880
A’
PLi
174"
JJ
I0hig 0psAu00 o8mIeA O O OV
\\ \
4%

nduy smod DY
]

03\»

/

Lt

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/048880

8/9

IENTS AH ¢

AUVYONNOE ROLLYION

WO 2016/037177

FOYLI0A AROT m FADYLI0A HOH
: GNS AH
aNg'g aNDAH = cc
_ : eooeeee ﬁ 14
m : A0S 34007
: JABIL %) MSSE A
m Ry W =00
2T
o a ﬁ m :
= %hEDe R F R 0GELSHI AAA
Plsadl LR 906015y g ¥ {4 ¥ 104 I3 %4 MBS
81D 19 20d} 0 30d g 2
N Y Il vossism %L 4002
POBCLISWIA L s | 4 w1y %
....wa 1O Gy AR ﬁmwﬂ 2o i2d
m %l HO'OL
%L %089 w “ 7 ooy poL
YRR T N, )
% MOLE < %l NOOL : APIL %k %00Z
9% 198 “ £z
5 m THAS SOAGHS
094 \wm m J ﬂ
8¢) ) 20
g%l

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/048880

WO 2016/037177

719

AGE J0L0°]
883

ARYONNOR NOLLYION!

F8NEs AR

064

gL

IDYLICAMOT | FOVLIOA HOIH
GND AH
| = 584
aND | GNDAH \\\\
- ML %L METE i aes ooz
m - “ i
621 |
. LeZENOH
1Y 0d] ¥ L0dp xwm%wm
517 20di D 10d g FraY
SION Y aEy BAPIL Vb 1002
120N /1D ga iy
\V\ ‘ ]
m ﬁ P81
ges m —
| i85 AP/L %L HO0T

084 \\\A

mmwm

JOALPE

2. S

SUBSTITUTE SHEET (RULE 26)



WO 2016/037177

8/9

s
Measure AC mput
voltage

l

Pl
Measure AC mput
current

.

Determine what 4.

setting is selected for
coil on user input

¥

PCT/US2015/048880

210

212

213

214

Rl B

Calculate desired
heating cotl current

216

Ll M

Drive heating coil at
estimated frequency

'

Measure heating cotl
current

218

[ I Y

Y

If coil current is too
low, lower codl drive
frequency |

!

If coil current is too
high raise coil drive
frequency |

220

FIG. 6

232




WO 2016/037177

9/9

PCT/US2015/048880

Measure AC input

—

voltage

Measure AC input

{

current

a—

Determine what sctting is
\ sclected for coil on user input

i
Cas

G 312/)

320

3"}4/}

Drive first heating
coll at estimated

frequency

v

318

Measure first heating
coil current

i

Calculate desived first
heating cotl current

.

316

]

If first coil current is
too fow, lower first

322~

T coil drive frequency

v

I first coil current is

too high, raise first

coil drive frequency” |~ 324

¥

Calculate desired
second heating coil
current

.

TTT~326

If destred second coil current will exceed
total system power, reduce first coil setting

e 328

!

Drrive second heating
coll at estimated
frequency

‘

e
Measure second

heating coil current

e 332

If

second cotl current

is 100 low, lower

second coil drive
frequency

FIG. 7

is too high, raise
second coil drive
frequency

If second coil current

T 336




INTERNATIONAL SEARCH REPORT International application T-\IO.
PCT/US2015/048880 ‘

A. CLASSIFICATION OF SUBJECT MATTER .

IPC(8) - HO5B 6/02 (2015.01)

CPC - HO5B 6/02 (2015.10)

| According to Intemational Patent Classification (1PC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC(8) - see last page
USPC -219/618, 620, 622, 626, 647

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

CPC - A47J 27/00, 37/06, 37/0629; F24C 7/08; GOSF 1/66; HO2H 9/04; HO2M 7/00, 7/48; HO5B 1/00, 6/00, 6/02, 6/062, 6/04, 6/06, 6/08,
6/10, 6/12, 6/1209, 6/22 (2015.10) (keyword delimited)

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

Orbit, Google Patents, Google Scholar, ProQuest. ' .
Search terms used: induction, electromagnetic, stove, cooker, convert, alternating current, direct current, voltage, divider, regulate,
sensor, processor, oscillate, frequency, coil.

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
x . ) 13
US 2011/0290787 A1 (BASSILL et al.) 01 December 2011 (01.12.2011) entire document -
v o o . -11-12,14-30
Y US 2006/0289495 A1 (THOMAS et al.) 28 December 2006 (28.12.2006) entire document 1-12,14-30
Y US 2003/0035309 A1 (NADOT et al.) 20 February 2003 (20.02.2003) entire document 2
A US 2012/0103977 A1 (QIU et al.) 03 May 2012 (03.05.2012) entire document 1-30
A US 2010/0288754 A1 (OOKUMA et al.) 18 November 2010 (18.11.2010) entire document 1-30 .
A WO 2004/107819 A1 (TUBITAK-BILTEN (TURKIYE BILIMSEL VE TEKNIK ARASTIRMA 1-30
KURUMU-BILG! TEKNOLOJILERI VE ELEKTRONIK ARASTIRMA ENSTITUSU) 09 December
2004 (09.12.2004) entire document : .
A US 4,308,443 A (TUCKER et al.) 29 December 1981 (29.12.1981) entire document 1-30
A US 4,820,891 A (TANAKA et al.) 11 April 1989 (11 .04.1988) entire document 1-30
D Further documents are listed in the continuation of Box C. D See patent family annex.
*  Special categories of cited documents: “T”  later document published aftér the international filing date or priority
“A” document defining the general state of the art which is not considered date and not in conflict with the apﬁhc_auon but cited to undersiand
to be of particular relevance the principle or theory underlying the invention
“E” earlier application or patent but published on or after the international “X” document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
“L” d_(')cgmenl wll;i]qhhmﬁy thrgl\{v dqubtz on pl}iority l::lainj(s)_ or whicl;lis step when the document is taken alone
cited 1o establish the publication date of another citation or Other " wy» gocument of particular relevance; the claimed invention cannot be
special reason @S specified) . o considered top involve an inventive step when the document is
“0” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination

means being obvious to a person skilled in the art

“P” document published prior to the intemaliénal filing date but later than  « g ;
the priority date claimed ) &” document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report
28 October 2015 0 7 DEC 2015
Name and mailing address of the ISA/ Authorized officer

Mail Stop PCT, Attn: ISAJUS, Commissioner for Patents Blaine Copenheaver

P.O. .BO?( 1450, Alexandria, Virginia 22313-1450 PCT Helpdesk: §71.272-4300

Facsimile No. 571-273-8300 PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (Jam;ary 2015)



INTERNATIONAL SEARCH REPORT

. . International application No.
Information on patent family members PP

PCT/US2015/048880

Continuation of Box B Fields Searched

IPC (8) Class/Subclass(es): A47J 27/00, 37/06; F24C 7/08; GOSF 1/66; HO2H 9/04; HO2ZM 7100, 7/48; HO5B 1/00, 6/00, 6/02, 6/04, 6/06,
6/08, 6/10, 6/12, 6/22 (201 5.91)

Form PCT/ISA/210 (patent family annex) (January 2015)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - wo-search-report
	Page 43 - wo-search-report

