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CONTACTLESS POWER TRANSFER SYSTEM AND METHOD FOR NTOROLLING
THE SAME

BACKGROUND

[0001] Embodiments of the present specification relata fmwer transfer system, and more

particularly to a contactless power transfer sysa@ch method of controlling the same.

[0002] Contactless power transfer systems are used tentitipower from one location to
another location without a physical connection sashwires between the two locations. The
contactless power transfer systems may be clagsdie inductive coupling systems and

resonance based coupling systems based on thegigdei of operations.

[0003] Inductive coupling systems are well known and wodsed on the principle of
induction. However, in such inductive couplingteyss, power can be transmitted only between
two closely coupled coils. Further, the inductbeeipling systems have poor power transmission

efficiency.

[0004] The resonance based coupling systems employ resooiés) which are operated at a
system frequency to transmit power between the loeations via a magnetic field. Such
resonance based coupling systems are used to itgymaer over relatively long distances and
are thus used in various applications. In suchiedons, the resonance based coupling systems
are used to provide power to a load, where theesy$tequency varies based on a power rating
of the load. Moreover, for applications of the amsnce based coupling systems such as
charging a battery, the system frequency may vaseth on a required load power for charging
the load. In such applications, the required Ipader varies for the same load during a single
charging cycle; and the system frequency is vatligihg the single charging cycle for the same
load based on the required load power at diffeirestints of time in the single charging cycle.
Such variations in the system frequency lead tcesindble effects on the power transmission
efficiency of the resonance based coupling systesnthe power transmission efficiency of the
resonance based coupling systems is dependent feg@ency at which the resonant coils

operate.

BRIEF DESCRIPTION
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[0005] Briefly, in accordance with one aspect of the pnéspecification, a contactless
power transfer system is provided. The contacthesger transfer system includes a first power
exchanger coil configured to exchange power. Thetactless power transfer system also
includes a first power converter operatively codpte the first power exchanger coil and
configured to convert a direct current power to aternating current power at a system
frequency. The contactless power transfer systemidr includes a controller configured to
control an operating state of the first power cotereto vary an alternating current power

provided to the first power exchanger coil at thetem frequency.

[0006] In another aspect of the specification, a methadcémtactless power transfer is

provided. The method includes operating a firsivgoexchanger coil at a system frequency.
The method also includes detecting a second poxatra@ger coil. The method further includes
generating an alternating current power at theesydtequency using a first power converter.
The method also includes transferring the altemgatturrent power from the first power

exchanger colil to the second power exchanger tdéileasystem frequency via a magnetic field.
The method further includes controlling a time pdrbf an operating state of the first power
converter operating at the system frequency foyimgrthe alternating current power generated
by the first power converter, wherein controllirng toperating state of the first power converter
comprises altering a first time period of an ad®dastate of the first power converter and
altering a second time period of a deactivatedestdtthe first power converter to vary the

alternating current power generated by the firstgroconverter.

[0007] In yet another aspect of the specification, a adtgss power transfer system is

provided. The contactless power transfer systastudes a first power converter configured to

convert a direct current power received from a poseeirce to an alternating current power at a
system frequency. The contactless power trangitem also includes a first power exchanger
coil operatively coupled to the first power coneerind configured to receive the alternating
current power from the first power converter. Tdmntactless power transfer system further
includes a second power exchanger coil configusa@deive the alternating current power from

the first power exchanger coil via a magnetic fiatdthe system frequency. The contactless
power transfer system also includes a second poarererter operatively coupled to the second
power exchanger coil and configured to convertaiternating current power to an output direct

current power transmitted to a load. The contastlgower transfer system further includes a
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sensor operatively coupled to the second powereateivand configured to measure at least a
voltage of the output direct current power. Thentaotless power transfer system further
includes a controller operatively coupled to thstfpower converter and configured to control
an operating state of the first power convertenaying the alternating current power generated

by the first power converter based on at leashaeskvoltage received from the sensor.
BRIEF DESCRIPTION OF THE DRAWINGS

[0008] These and other features, aspects, and advantagles present invention will
become better understood when the following detadescription is read with reference to the
accompanying drawings in which like characters eésent like parts throughout the drawings,

wherein:

[0009] FIG. 1 is a block diagram representation of a ctitéas power transfer system,

according to aspects of the present specification;

[0010] FIG. 2A is a graphical representation depictingesdiency signal for generating
an alternating current power in the contactless guatransfer system of FIG.1, according to

aspects of the present specification;

[0011] FIG. 2B is a graphical representation depictingatiol signal for generating the
alternating current power in the contactless paversfer system of FIG. 1, according to aspects

of the present specification;

[0012] FIG. 2C is a graphical representation depictingaglmated signal for generating
the alternating current power in the contactlessgraransfer system of FIG. 1, according to

aspects of the present specification;

[0013] FIG. 3 is an exemplary graphical representatioriati@g simulations performed
to generate 2.8 kilowatts of alternating currentveo using a first power converter in the

contactless power transfer system of FIG. 1, agegrib aspects of the present specification;

[0014] FIG. 4 is an exemplary graphical representationatieg simulations performed
to generate 280 watts of alternating current paveang a first power converter in the contactless

power transfer system of FIG. 1, according to aispeicthe present specification;
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[0015] FIG. 5 is a block diagram representation of an atithent of a contactless power
transfer system of FIG. 1 configured to detect eosd power exchanger coil, according to

aspects of the present specification;

[0016] FIG. 6 is a block diagram representation of anoémebodiment of the contactless
power transfer system of FIG. 5 including a bia8 configured to detect the second power

exchanger coil, according to aspects of the pregagtification;

[0017] FIG. 7 is a block diagram representation of yettla@o embodiment of the
contactless power transfer system of FIG. 5 inclgd bias transformer configured to detect the

second power exchanger coil, according to aspédttegresent specification; and

[0018] FIG. 8 is a flow chart representing steps involweca method for contactless
power transfer using the contactless power trarsfstem, according to aspects of the present

specification.
DETAILED DESCRIPTION

[0019] Aspects of the present specification include a actigss power transfer system
and a method for contactless power transfer udiegsame. The contactless power transfer
system includes a first power converter configur@aonvert a direct current power received
from a power source to an alternating current poatex system frequency. As used herein, the
term “system frequency” refers to a frequency aicWlithe contactless power transfer system is
operated. The contactless power transfer systesm iacludes a first power exchanger coil
operatively coupled to the first power converted aonfigured to receive the alternating current
power from the first power converter. Further, domtactless power transfer system includes a
second power exchanger coil configured to recdneedlternating current power from the first
power exchanger coil via a magnetic field, at thstesm frequency. Moreover, the contactless
power transfer system also includes a second poarererter operatively coupled to the second
power exchanger coil and configured to convertalternating current power to an output direct
current power, where the direct current power mayttansmitted to a load. Further, the
contactless power transfer system further inclumlegnsor operatively coupled to a first node
located between the second power converter antb#ite The sensor is configured to sense at
least a voltage or a current at the first node.e Thntactless power transfer system further

includes a controller operatively coupled to thstfpower converter and configured to control
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an operating state of the first power convertenvamying the alternating current power generated
by the first power converter based on at leaststesed voltage or the sensed current received

from the sensor.

[0020] Unless defined otherwise, technical and scientiéiens used herein have the
same meaning as is commonly understood by one dihany skill in the art to which this
disclosure belongs. The terms “first”, “secondfidahe like, as used herein do not denote any
order, quantity, or importance, but rather are usatistinguish one element from another. Also,
the terms “a” and “an” do not denote a limitatidrgaantity, but rather denote the presence of at
least one of the referenced items. The term “®rheant to be inclusive and mean one, some, or
all of the listed items. The use of “including€dmprising” or “having” and variations thereof
herein are meant to encompass the items liste@after and equivalents thereof as well as
additional items. The terms “exchange” and “trarisimay be used interchangeably in the
specification and convey the same meaning. Urdpssified otherwise, the term “exchange”

may be defined as a contactless exchange of pawénd purposes of this specification.

[0021] FIG. 1 is a block diagram representation of a odfgas power transfer system
10, according to an aspect of the present spetifica The contactless power transfer system 10
includes a first power exchanger coil 20 and a isg¢cpower exchanger coil 24, where the
contactless power transfer system 10 enables @ansfpower from the first power exchanger
coil 20 to the second power exchanger coil 24.tHaurdetails of the operation of the contactless

power transfer system 10 are discussed later isfheification.

[0022] The contactless power transfer system 10 includésstapower converter 12
operatively coupled to a direct current power seurd. The first power converter 12 receives a
direct current power, generally represented byresiee numeral 16, from the direct current
power source 14 and converts the direct currentepal to an alternating current power,
generally represented by reference numeral 18dbasea system frequency of the contactless
power transfer system 10. The first power convelrBeis operatively coupled to the first power
exchanger coil 20 and transmits the alternatingectirpower 18 to the first power exchanger
coil 20. The first power exchanger coil 20 recsiwbe alternating current power 18 and
generates a magnetic field 22 based on the recemtednating current power 18. The

contactless power transfer system 10 also incltldessecond power exchanger coil 24. The
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second power exchanger coil 24 located at a datexdriistance from the first power exchanger
coil 20 receives the magnetic field 22 generatedth®y first power exchanger coil 20 and
converts the magnetic field 22 to a corresponditegraating current power 19 representative of
the alternating current power 18 generated by itlse Jower converter 12. As used herein, the
term “determined distance” refers to a distancaauphich the alternating current power 18 is
desired to be transmitted. In certain embodimethis,first power exchanger coil 20 and the
second power exchanger coil 24 may be resonans.colh one example, the first power
exchanger coil 20 may transmit the magnetic fi@d@ a plurality of second power exchanger
coils 24. In another example, a plurality of fistwer exchanger coils 20 may transmit the
magnetic field 22 to the second power exchangel 24i Each of the aforementioned
configurations is applied based on the applicatrdmere contactless power transfer is used. For
example, the first power exchanger coil 20 mayaaca transmitter and may transfer power in a
contactless fashion to the plurality of second povexchanger coils 24 disposed in
corresponding devices. Further, each of the ptyraf second power exchanger coils 24 may
receive the alternating current power 19 simultaisgoin a similar time interval or sequentially

in same or different time intervals using modulatiechniques.

[0023] Furthermore, the first power exchanger coil 20 #redsecond power exchanger
coil 24 may be configured to operate as the trattemcoil or the receiver coil in different
embodiments based on system requirements. In sombediments, the first power exchanger
coil 20 and the second power exchanger coil 24 metyas both transmitter and receiver
simultaneously allowing for simultaneous bidirenibexchange of power, data, or both. In one
embodiment, the contactless power transfer syst@nmay further include a field focusing
element (not shown in FIG. 1) to enhance magnetiplking between the first power exchanger
coil 20 and the second power exchanger coil 24same or different embodiment, one or more
repeater resonators (not shown in FIG. 1) may bleddo the contactless power transfer system
10 to increase the determined distance betweefirsh@ower exchanger coil 20 and the second
power exchanger coil 24 for contactless exchangpowfer. In some embodiments, the field
focusing element, the one or more repeater resmmaioboth may be operatively coupled to the

first power exchanger coil 20, the second poweharger coil 24, or a combination thereof.

[0024] Moreover, in the contactless power transfer systHn the second power

exchanger coil 24 is operatively coupled to a sdcpower converter 26. The second power
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converter 26 is configured to receive the altentatiurrent power 19 transmitted by the second
power exchanger coil 24. Further, the second pamearerter 26 may convert the alternating
current power 19 to an output direct current poR&which is used to operate a load operatively
coupled to the contactless power transfer systemDifing operation, power, also referred to as
load power, is required to drive the load 30. Tdw power required by the load 30 may vary
with time based on a condition of the load 30 padicular time. For example, if the load 30 is
a battery, which is discharged, the required loadgy for charging the battery may depend on
the extent of discharge or charge expended by dkterlg. In particular, a required load power
for charging the battery is higher when the battisryearly discharged, as compared to the
required load power for the battery when the bgpitef0% to 95% charged, for example.

[0025] Further, a sensor 32 is operatively coupled atsh fiode 34 between the second
power converter 26 and the load 30. The sens@ef2es at least a voltage 36 at the first node
34. It may be noted that in some embodimentssémsor 32 may be configured to sense other
electrical parameters, such as but not limitecctmyent, at the node 34. A voltage at the first
node 34 is induced based on the load power reqbiyettie load 30. Accordingly, the sensed
voltage 36 at the node 34 is representative optveer required by the load 30. Further, a signal
37 representative of the sensed voltage 36 isnritesl to a controller 38 in the contactless
power transfer system 10. In one embodiment, trgactless power transfer system 10 may
include a data transmitter operatively coupledhe sensor 32 for transmitting the signal 37
representative of the sensed voltage 36 to theraltent 38. Further, the contactless power
transfer system 10 may include a data receiveradpely coupled to the controller 38 for
receiving the signal 37 representative of the sttnséiage 36 from the data transmitter. In such
embodiments, the signal 37 representative of timsexk voltage 36 is transmitted at a data

frequency, which is different from the system fregay.

[0026] The controller 38 receives the sensed voltage @& the sensor 32 and computes
the load power required by the load 30 based oséhsed voltage 36. Further, the controller 38
determines the output direct current power 28, twhgcequivalent to the required load power.
Moreover, based on the determined output direateatipower 28 that is required to drive the
load 30, the controller 38 computes the alternatngent power 18 that is required to be
generated by the first power converter 12. In sem&odiments, a processing unit (not shown

in FIG. 1) may be operatively coupled to the collera38, the sensor 32, or both for computing
7
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the required load power, the output direct curpawer 28, or the alternating current power 18
that is required to be generated by the first povegiverter 12 based on the sensed voltage 36.
Further, in some of these embodiments, a signakseptative of the load power, the output
direct current power 28, or the alternating curqgower 18 required to be generated by the first
power converter 12 may be transmitted by the psiogsunit to the controller 38 based on
which the controller may control the first powemeerter 12. Based on the alternating current
power 18 that needs to be generated by the fiwepoonverter 12, the controller 38 controls an
operating state of the first power converter 12aflitate generation of the required alternating
current power 18. The operating state may be timased state of the first power converter 12
or a deactivated state of the first power convelfer Furthermore, the controller 38 controls a
first time period associated with the activatedestd the first power converter 12 and the second

time period associated with the deactivated sthtieeofirst power converter 12.

[0027] As used hereinabove, the term “activated state” beaygefined as a state of the
first power converter 12, in which the first powemverter 12 generates the alternating current
power 18 at the system frequency. Such activatgd s different from a duty cycle modulation
technigque such as a pulse width modulation teckniqtihe first time period of the activated
state is dependent on the load power required @yotld and may vary based on the load power
requirement. In contrast, the duty cycle modutatechnique includes a fixed duty cycle, which
further includes an “ON” time interval and an “OFfithe interval, which may be varied within
the fixed duty cycle. Therefore, the first timeripd of the activated state is different from the

duty cycle, thereby making the activated stateedgifit from the duty cycle modulation.

[0028] Similarly, as used hereinabove, the term “deacivatate” may be defined as a
state of the first power converter 12, in which fingt power converter 12 does not generate the
alternating current power 18. Such deactivatet ssadifferent from the duty cycle modulation
techniqgue such as the pulse width modulation tegli The second time period of the
deactivated state is dependent on the load poweiresl by the load and may vary based on the
load power requirement. In contrast, the duty €yobdulation technique includes the fixed duty
cycle, which further includes the “ON” time intehand the “OFF” time interval, which may be
varied within the fixed duty cycle. Therefore, thecond time period of the deactivated state is
different from the duty cycle, thereby making treadtivated state different from the duty cycle
modulation.
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[0029] The controller 38 operates the first power convet® at the system frequency

and alters the first time period and the secone tpariod for generating pulses of alternating
current power 18, which are transmitted to the sdqmwer exchanger coil 24 by the first power
exchanger coil 20. Such a configuration allows tbatactless power transfer system 10 to
operate at a fixed system frequency for differeatugs of required load power, thereby
improving a power transfer efficiency of the conless power transfer system 10. In one
embodiment, the required output direct current po2& is an average of the pulses of the
alternating current power 18 generated by the pswver converter 12. Further details of the

operation of the contactless power transfer systendiscussed below.

[0030] FIG. 2A-2C are graphical representations depictirgystem frequency signal for
generating the alternating current power 18 in mtatless power transfer system 10 of FIG. 1.
Referring to FIG. 2A the graph 42 represents aesystequency 44, where X axis 46 of the first

graph represents time and Y axis 48 representstamyfrequency 44.

[0031] In FIG. 2B the graph 50 represents a control si§@dior controlling an operating
state of the first power converter 12 of FIG. 1,ewhX axis 54 represents time and Y axis 56

represents an operating state of the first powevexer 12.

[0032] Referring to FIG. 2C, the third graph 58 representaodulated signal 60 based
on the system frequency 44 and the control sigBamhere X axis 62 represents time and Y

axis 64 represents the modulation signal 60.

[0033] From a combined reading of the first graph 42,sbeond graph 50, and the third
graph 58, it can be seen that the first power cdervd?2 is operated in an activated state at the
system frequency 44 for a first time interval @Burthermore, in a second time interval 68, the
first power converter 12 is operated in a deactidattate, where no alternating current power is
generated by the first power converter 12. Subeetlyy in a third time interval 69, the first
power converter 12 is again operated in the a&d/atate, thereby generating alternating current
power 18 at the system frequency 44. Such timervats 66, 68, 69 are controlled by the
controller 38 to vary the alternating current poW8rgenerated by the first power converter 12

based on the power required by a load.

[0034] FIG. 3 is an exemplary graphical representatiofor@ method of generating the

alternating current power 18 using the first powenverter 12, according to aspects of the
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present specification. The graphical represemat® depicts simulations performed to generate
2.8 kilowatts of alternating current power 18 usihg first power converter 12, where X axis 72

represents time in milliseconds and Y axis 74 regmés converter voltage in volts.

[0035] As illustrated, in a first time interval 76, thesli power converter 12 is operated
in an activated state, which generates a currerdt & output of the first power converter 12,
thereby generating a first pulse 79 of the altengaturrent power 18. Further, upon initiation of
a deactivation state of the first power converby the controller 38, the current 78 in the first

power converter 12 decays during a transition f@eod 80.

[0036] During a second time interval 82, the first powenwerter 12 is in the deactivated
state, where the current 78 is zero. Similarlya third time interval 84, the first power converte
12 is again operated in the activated state, tlyegeberating the current 78 at the output of the
first power converter 12. Therefore, the first gowonverter 12 generates a second pulse 85 of
the alternating current power 18 in the third timeerval 84. The first pulse 79 and the second

pulse 85 provides the desired alternating currentgp 18 to the first power exchanger coil 20.

[0037] The controller 38 controls a duration of the timeeivals 76, 82, and 84 depicting
the activated state and the deactivated stateedfrdt power converter 12 to generate the desired

alternating current power 18 at the system frequddc(see FIG. 2A).

[0038] FIG. 4 represents another exemplary graphical septation 90 depicting
simulations performed to generate 280 watts ofradittng current power 18 using the first power
converter 12. In the graphical representation®@xis 92 represents time in milliseconds and Y

axis 94 represents the first converter voltageoitsy

[0039] As can be seen, in a first time interval 96, thstfpower converter 12 is operated

in an activated state, which generates a currerat @ output of the first power converter 12,
thereby generating a first pulse 97 of the alténgaturrent power 18. Furthermore, upon
initiation of a deactivation state of the first pemconverter 12, the current 98 in the first power
converter 12 decays during a transition time ped00. It may be noted that the first time

interval 96 in the graphical representation 9@sslthan the first time interval 76 in the graphica
representation 70, which enables the controlletd@ontrol the first power converter 12 to

generate less alternating current power 18 initsegulse 97 in comparison to the first pulse 79
of FIG. 3.
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[0040] During a second time interval 102, the first powmmverter 12 is in the
deactivated state, where the current 98 is zdrmay be noted that the second time interval 102
in that graphical representation 90 is more tham skcond time interval 82 in graphical
representation 70. Furthermore, in a third tinteriwal 104, the first power converter 12 is again
operated in the activated state, thereby generétmgurrent 98 at the output of the first power
converter 12. The first power converter generatgscond pulse 105 of the alternating current
power 18 during the third time interval 104. Ityrae noted that the first time interval 96 and
the third time interval 104 in the graphical regmstion 90 are lesser than the first time interval
76 and the third time interval 84 in the graphiegresentation 70, which enables the controller
38 to control the first power converter 12 to gatedesser alternating current power 18 in the
first pulse 97 and the second pulse 105 in compaitis the first pulse 79 and second pulse 85 of
FIG. 3.

[0041] FIG. 5 is a block diagram representation of an aefithent of a contactless power
transfer system 110, according to aspects of tesept specification. The contactless power
transfer system 110 includes a first power exchaogié 120 and a second power exchanger coil
124, where the contactless power transfer systebnehhbles transfer of power from the first
power exchanger coil 120 to the second power exgdranoil 124. Further details of the

operation of the contactless power transfer sydté@nare discussed later in the specification.

[0042] The contactless power transfer system 110 incladBsst power converter 112
operatively coupled to a direct current power seurt4. The first power converter 112 receives
a direct current power, generally represented sreace numeral 116, from the direct current
power source 114 and converts the direct curremtepd 16 to an alternating current power,
generally represented by reference numeral 118dbaisea system frequency of the contactless
power transfer system 110. The first power comrell 2 is operatively coupled to a first power
exchanger coil 120 and transmits the alternatimgeoti power 118 to the first power exchanger
coil 120. The first power exchanger coil 120 rgesithe alternating current power 118 and
generates a magnetic field 122 based on the dliiegnaurrent power 118. The contactless
power transfer system 110 also includes the sepaneer exchanger coil 124. The second
power exchanger coil 124 located at a determinsthuice from the first power exchanger coll
120 receives the magnetic field 122 generated &Yitst power exchanger coil 120 and converts

the magnetic field 122 to a corresponding altengatiurrent power 119 representative of the
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alternating current power 118 generated by theé ficsver converter 112. The second power
exchanger coil 124 receives the magnetic field g@2erated by the first power exchanger coll
120 and converts the magnetic field 122 to therradteng current power 119 representative of
the alternating current power 118 generated byfitlsé power converter 112. Further, the

second power exchanger coil 124 is operatively Balfp a second power converter 126. The
second power converter 126 is configured to recehe alternating current power 119

transmitted by the second power exchanger coil dritdl convert the alternating current power
119 to an output direct current power 128, whictused to operate a load 130 operatively

coupled to the contactless power transfer systedn 11

[0043] Further, a sensor 132 is operatively coupled airss hode 134 between the
second power converter 126 and the load 130. €heos senses at least a voltage 136 at the
first node 134. Moreover, a signal 137 represemaif the sensed voltage 136 is transmitted to
a controller 138 in the contactless power transfetem 110. The controller 138 receives the
signal 137 representative of the sensed voltagefrt®® the sensor 132 and computes the load
power required by the load 130 based on the sardthe 136. Furthermore, the controller 138
determines the output direct current power 128 ctiis equivalent to the required load power.
Moreover, based on the output direct current pd@28&rthat is required to drive the load 130, the
controller 138 computes the alternating currentgo¥d 8 that is required to be generated by the
first power converter 112. Based on the altergatinrent power 118 that needs to be generated
by the first power converter 112, the controlleB X®ntrols an operating state of the first power
converter 112 to generate the required alternatimgent power 118. The operating state may be
an activated state of the first power converter dt2a deactivated state of the first power
converter 112. Furthermore, the controller 138tms a first time period associated with the
activated state of the first power converter 118 dre second time period associated with the

deactivated state of the first power converter 112.

[0044] The contactless power transfer system 110 furthidudes a first bias processing
unit 140 operatively coupled to the controller 138 he first bias processing unit 140 is
configured to provide an operating power 141 todbetroller 138 from the power source 114.
During an idle state of the contactless power fearsystem 110, the controller 138 controls the
first power converter 112 to generate a bias powdich is transmitted to the second power

exchanger coil 124 via the first power exchangér I20. As used hereinabove, the term “bias
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power” may be defined as a power which is lowenttiee alternating current power transmitted
during operation of the contactless power transystem 110. Such bias power is used for the
purpose of detecting a second power exchanged2diin the contactless power transfer system
110 during the idle state of the contactless pdveersfer system 110 and forms a portion of the
alternating current power 118 transmitted to theosd power exchanger coil 124 during
operation of the contactless power transfer sysié® Furthermore, the contactless power
transfer system 110 also includes a second biaegsng unit 144 operatively coupled to the
second power exchanger coil 124, where the sec@sdprocessing unit 144 is configured to
receive a bias power 143, representative of the jpoaver 142 from the first power exchanger
coil 120 via the second power exchanger coil 1PAe second bias processing unit 144 receives
the bias power 143 from the second power excharmed24, which is further used to activate
the sensor 132 for measuring the voltage at tséfriiode 134. The bias power 143 is also used
to generate a signal 146 representative of at thastensed voltage 136 and transmit the signal
146 to the controller 138. In one embodiment, dbetactless power transfer system 110 may
include a wireless communication kit, which may dreergized using the bias power 142 to
generate and transmit the signal 146 to the cdetrdB8. The controller 138 receives the signal
147, representative of the signal 146 and recogrilzat the second power exchanger coil 124 is

available for transferring power.

[0045] FIG. 6 is a block diagram representation of an atithent of a contactless power
transfer system 1500f the present specificatiorhe Tontactless power transfer system 150
includes a first power exchanger coil 160 and amsggower exchanger coil 164, where the
contactless power transfer system 150 enablesferanispower from the first power exchanger
coil 160 to the second power exchanger coil 164urthier details of the operation of the

contactless power transfer system 150 are discuas®dn the specification.

[0046] The contactless power transfer system 150 incladBsst power converter 152

operatively coupled to a direct current power seurs4. The first power converter 152 receives
a direct current power, generally represented greace numeral 156, from the direct current
power source 154 and converts the direct curremtepd.56 to an alternating current power,
generally represented by reference numeral 158dbaisea system frequency. The first power
converter 152 is operatively coupled to the firstvpr exchanger coil 160 and transmits the

alternating current power 158 to the first powechanger coil 160. The first power exchanger
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coil 160 receives the alternating current power 468 generates a magnetic field 162 based on
the alternating current power 158. The contactbesser transfer system 150 also includes the
second power exchanger coil 164. The second pexaranger coil 164 located at a determined
distance from the first power exchanger coil 16€erees the magnetic field 162 generated by
the first power exchanger coil 160 and converts rtiegnetic field 162 to a corresponding
alternating current power 159 representative ofalternating current power 158 generated by
the first power converter 152. The second powehamrger coil 164 receives the magnetic field
162 generated by the first power exchanger coil & converts the magnetic field 162 to the
alternating current power 159 representative ofalternating current power 158 generated by
the first power converter 152. Further, the secpoder exchanger coil 164 is operatively
coupled to a second power converter 166. The skepower converter 166 is configured to
receive the alternating current power 158 trangahitty the second power exchanger coil 164
and convert the alternating current power 159 twaput direct current power 168, which is

used to operate a load 170 operatively coupleddaontactless power transfer system 150.

[0047] Further, a sensor 172 is operatively coupled airss hode 174 between the
second power converter 166 and the load 170. @hsos 172 senses at least a voltage 176 at the
first node 174. Moreover, a signal 177 represemaif the sensed voltage 176 is transmitted to
a controller 178 in the contactless power transfetem 150. The controller 178 receives the
signal 177 representative of the sensed voltagefrbi® the sensor 172 and computes the load
power required by the load 170 based on the serdtaje 176. Furthermore, the controller 178
determines the output direct current power 168 ctis equivalent to the required load power.
Moreover, based on the output direct current pdvé& that is required to drive the load 170, the
controller 178 computes the alternating current gro¥b8 that is required to be generated by the
first power converter 152. Based on the altergaturrent power 158 that needs to be generated
by the first power converter 152, the controlleB ontrols an operating state of the first power
converter 152 to generate the required alternatimgent power 158. The operating state may be
an activated state of the first power converter d52a deactivated state of the first power
converter 152. Furthermore, the controller 178tms a first time period associated with the
activated state of the first power converter 158 #re second time period associated with the

deactivated state of the first power converter 152.
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[0048] The contactless power transfer system 150 furthidudes a first bias processing
unit 180 operatively coupled to the controller 178he first bias processing unit 180 is
configured to provide an operating power 181 todbmetroller 178 from the power source 154.
The operating power 181 is used to operate theratart 178. During an idle state of the
contactless power transfer system 150, the coatra@lf8 controls the first power converter 152
to generate a bias power 182, which is transmitteithe second power exchanger coil 164 via
the first power exchanger coil 160. Furthermone, ¢ontactless power transfer system 150 also
includes a second bias processing unit 184 opetatooupled to the second power exchanger
coil 164, where the second bias processing unitid&bnfigured to receive the bias power 183,
representative of the bias power 182 received fthenfirst power exchanger coil 160. The
contactless power transfer system 150 also incladegs coil 186 operatively coupled to the
second power exchanger coil 164 and the secondpbigessing unit 184, where the bias coil
186 is configured to receive the bias power 183nftbe first power exchanger coil 160 and
transmit the bias power 183 to the second biasegsicg unit 184. The second bias processing
unit 184 receives the bias power 183 from the sggmwer exchanger coil 164, which is further
used to activate the sensor 172 for measuring dtage at the first node 174. The bias power
183 is also used to generate a signal 188 repadsenpf at least the sensed voltage 176 and
transmit the signal 188 to the controller 178.ohe embodiment, the contactless power transfer
system 150 may include a wireless communicationwdiich may be energized using the bias
power 183 to generate and transmit the signal »8@he controller 178. The controller 178
receives a signal 189, representative of the si@B88l and recognizes that the second power

exchanger coil 164 is available for transferringvpo

[0049] FIG. 7 is a block diagram representation of an atithent of a contactless power
transfer system 200, according to aspects of teeept specification. The contactless power
transfer system 200 includes a first power exchaogié 210 and a second power exchanger coll
214, where the contactless power transfer systebneP@bles transfer of power from the first
power exchanger coil 210 to the second power exgdranoil 214. Further details of the

operation of the contactless power transfer sy@@dnare discussed later in the specification.

[0050] The contactless power transfer system 200 incladésst power converter 202
operatively coupled to a direct current power selt@4. The first power converter 202 receives

a direct current power, generally represented greace numeral 206, from the direct current
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power source 204 and converts the direct curremtep@06 to an alternating current power,
generally represented by reference numeral 208dbaisea system frequency. The first power
converter 202 is operatively coupled to the firetvpr exchanger coil 210 and transmits the
alternating current power 208 to the first powechanger coil 210. The first power exchanger
coil 210 receives the alternating current power 808 generates a magnetic field 212 based on
the alternating current power 208. The contactbesser transfer system 200 also includes the
second power exchanger coil 214. The second pexaranger coil 214 located at a determined
distance from the first power exchanger coil 21€enges the magnetic field 212 generated by
the first power exchanger coil 210 and converts rtiegnetic field 212 to a corresponding
alternating current power 209 representative ofdlbernating current power 208 generated by
the first power converter 202. The second powehamrger coil 214 receives the magnetic field
212 generated by the first power exchanger coil i@ converts the magnetic field 212 to the
alternating current power 209 representative ofalbernating current power 208 generated by
the first power converter 202. Further, the secpodier exchanger coil 214 is operatively
coupled to a second power converter 216. The sepower converter 216 is configured to
receive the alternating current power 208 trangahitty the second power exchanger coil 214
and convert the alternating current power 209 teaput direct current power 218, which is

used to operate a load 220 operatively coupledd@ontactless power transfer system 200.

[0051] Further, a sensor 222 is operatively coupled airst hode 224 between the
second power converter 216 and the load 220. @hsos 222 senses at least a voltage 226 at the
first node 224. Moreover, a signal 227 represemaif the sensed voltage 226 is transmitted to
a controller 228 in the contactless power transfetem 200. The controller 228 receives the
signal 227 representative of the sensed voltagefl2®® the sensor 222 and computes the load
power required by the load 220 based on the sardthe 226. Furthermore, the controller 228
determines the output direct current power 218 ctis equivalent to the required load power.
Moreover, based on the output direct current p@i&rthat is required to drive the load 220, the
controller 228 computes the alternating current gro8 that is required to be generated by the
first power converter 202. Based on the altergaturrent power 208 that needs to be generated
by the first power converter 202, the controlleB Z®ntrols an operating state of the first power
converter 202 to generate the required alternatimgent power 208. The operating state may be

an activated state of the first power converter 022 deactivated state of the first power
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converter 202. Furthermore, the controller 228tms a first time period associated with the
activated state of the first power converter 208 tre second time period associated with the

deactivated state of the first power converter 202.

[0052] The contactless power transfer system 200 furthdudes a first bias processing
unit 230 operatively coupled to the controller 228 he first bias processing unit 230 is
configured to provide an operating power to thetler 228 from the power source 204.
During an idle state of the contactless power fearsystem 200, the controller 228 controls the
first power converter 202 to generate a bias p@&82; which is transmitted to the second power
exchanger coil 214 via the first power exchangelr 2t0. Furthermore, the contactless power
transfer system 200 also includes a second biaegsng unit 234 operatively coupled to the
second power exchanger coil 214, where the sec@sdfrocessing unit 234 is configured to
receive the bias power 232 received from the pisiver exchanger coil 210. The contactless
power transfer system 200 also includes a biassfoamer 236. The bias transformer 236
includes a primary winding 238 operatively coupledhe second power exchanger coil 214 and
configured to receive the bias power 232 from tingt power exchanger coil 210. The bias
transformer 236 also includes a secondary winddf@ @oeratively coupled to the second bias
processing unit 234 and configured to transmititias power 232 to the second bias processing
unit 234. In one embodiment, the second bias gsieg unit 234 may include a switched-mode
power supply. The second bias processing unitr@@dives the bias power 233 from the second
power exchanger coil 214, which is further usedttivate the sensor 222 for measuring the
voltage at the first node 224. The bias power B3&lso used to generate a signal 242
representative of at least the sensed voltage 2@@ransmit the signal 242 to the controller 228.
In one embodiment, the contactless power transystesn 200 may include a wireless
communication kit, which may be energized usinglilas power 233 to generate and transmit
the signal 242 to the controller 228. The contémoR28 receives a signal 243, representative of
the signal 243 and recognizes that the second p@wehanger coil 164 is available for

transferring power.

[0053] FIG. 8 is a flow chart representing steps involired method 250 for contactless
power transfer using a contactless power trangfem of the present specification, such as the
contactless power transfer system 110 of FIG. Foraling to aspects of the present

specification. The method 250 includes operatirfgsh power exchanger coil 120 at a system
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frequency in step 252. The method 250 also indutiecting a second power exchanger coil
124 in step 254. In one embodiment, a bias powergua first bias processing unit 140 is
generated and the bias power 142 is transmitted the first power exchanger coil 120 to the
second power exchanger coil 124. In another emtenli, the bias power from the first power
exchanger coil 120 is received using a second prasessing unit 144 and a signal 146

representative of a detected second power exchangdr24 is transmitted to a controller 138.

[0054] The method 250 further includes generating anraterg current power 118 at
the system frequency using a first power convette2 in step 256. The method 250 also
includes transferring the alternating current poH from the first power exchanger coil 120 to
the second power exchanger coil 124 at the systequéncy via a magnetic field 122 in step
258. The method 250 further includes controllingn@e period of an operating state of the first
power converter 112 using the controller 138 foryway the alternating current power 118
generated by the first power converter 112, wheceintrolling the operating state of the first
power converter 112 comprises altering a first tppeod of an activated state of the first power
converter 112 and altering a second time perical déactivated state of the first power converter
112 to vary the alternating current power 118 gateer by the first power converter 112 in step
260. In one embodiment, the time period of theraijgey state of the first power converter 112
is controlled based on a load power required bgaa 1130 for varying the alternating current
power 118 generated by the first power convert&. 1Ih another embodiment, a voltage at a
first node 134 located between the second powdragger coil 124 and the load 130 is sensed

and the alternating current power 118 is variectam at least a sensed voltage 136.

[0055] It is to be understood that a skilled artisan wattognize the interchangeability of
various features from different embodiments and tha various features described, as well as
other known equivalents for each feature, may beethand matched by one of ordinary skill in
this art to construct additional systems and tequms in accordance with principles of this
specification. It is, therefore, to be understtizat the appended claims are intended to cover all

such modifications and changes as fall within the spirit of the invention.

[0056] While only certain features of the invention hawet illustrated and described

herein, many modifications and changes will ocauthbse skilled in the art. It is, therefore, to
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be understood that the appended claims are intelodaaler all such modifications and changes

as fall within the true spirit of the invention.
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CLAIMS
What is Claimed is:

1. A method for contactless power transfer comprising:
operating (252) a first power exchanger coil (20; 120; 160) at a system frequency;
detecting (254) a second power exchanger coil (24; 124; 164);

generating (256) an alternating current power at the system frequency using a first
power converter (12; 112; 152);

transferring (258) the alternating current power from the first power exchanger coil
(20; 120; 160) to the second power exchanger coil (24; 124; 164) at the system frequency
via a magnetic field; and

controlling (260) a time period of an operating state of the first power converter
(12; 112; 152) operating at the system frequency for varying the alternating current power
generated by the first power converter (12; 112; 152), wherein controlling the operating
state of the first power converter (12; 112; 152) comprises altering a first time period of an
activated state of the first power converter (12; 112; 152) and altering a second time period
of a deactivated state of the first power converter (12; 112; 152) to vary the alternating
current power generated by the first power converter (12; 112; 152).

2. The method of claim 1, wherein controlling (260) the time period of the
operating state of the first power converter (12; 112; 152) for varying the alternating
current power generated by the first power converter (12; 112; 152) comprises controlling
the time period of the operating state of the first power converter (12; 112; 152) based on a
required load power.

3. The method of claim 2, further comprising measuring at least a voltage at a
first node (34; 134; 174) located between the second power exchanger coil (24; 124; 164)
and a load (30; 130; 170), and varying the alternating current power based on at least a
sensed voltage.
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4. The method of claim 1, wherein detecting the second power exchanger coil
(24; 124; 164) comprises generating a bias power using the first power converter (12; 112;
152) and transmitting the bias power from the first power exchanger coil (20; 120; 160) to
the second power exchanger coil (24; 124; 164).

5. The method of claim 4, further comprising receiving the bias power from
the first power exchanger coil (120; 160) using a second bias processing unit (144; 184) and
transmitting a signal representative of a presence of the second power exchanger coil (124;
164) to a controller (138; 178).

6. A contactless power transfer system comprising:

a first power converter (12; 112; 152) configured to convert a direct current power
received from a power source (14; 114; 154) to an alternating current power at a system
frequency;

a first power exchanger coil (20; 120; 160) operatively coupled to the first power
converter (12; 112; 152) and configured to receive the alternating current power from the
first power converter (12; 112; 152);

a second power exchanger coil (24; 124; 164) configured to receive the alternating
current power from the first power exchanger coil (20; 120; 160) via a magnetic field at the
system frequency;

a second power converter (26; 126; 166) operatively coupled to the second power
exchanger coil (24; 124; 164) and configured to convert the alternating current power to an
output direct current power transmitted to a load (30; 130; 170);

a sensor (32; 132; 172) operatively coupled to the second power converter (26;
126; 166) and configured to measure at least a voltage at a first node (34; 134; 174) located
between the second power converter (26; 126; 166) and the load (30; 130; 170); and

a controller (38; 138; 178) operatively coupled to the first power converter (12;
112; 152) and configured to control an operating state of the first power converter (12;
112; 152) for varying the alternating current power generated by the first power converter
(12; 112; 152) based on at least a sensed voltage received from the sensor (32; 132; 172).
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7. The contactless power transfer system of claim 6, wherein the operating
state comprises an activated state and a deactivated state of the first power converter (12;
112; 152) and the controller (38; 138; 178) is configured to control a first time period of the
activated state of the first power converter (12; 112; 152) and a second time period of the
deactivated state of the first power converter (12; 112; 152).

8. The contactless power transfer system of claim 6, further comprising a first
bias processing unit (140; 180) operatively coupled to the controller (138; 178), wherein the
first bias processing unit (140; 180) is configured to provide an operating power to the
controller (138; 178) from the power source (114; 154).

9. The contactless power transfer system of claim 6, further comprising a
second bias processing unit (144; 184) operatively coupled to the second power exchanger
coil (124; 164) and configured to receive a bias power transmitted by the first power
exchanger coil (120; 160) and transmitting a signal representative of a detected second
power exchanger coil (124; 164) to the controller (138; 178).

10. The contactless power transfer system of claim 9, further comprising a bias
coil (186) operatively coupled to the second power exchanger coil (164) and the second bias
processing unit (184), and wherein the bias coil (186) is configured to receive the bias
power from the first power exchanger coil (160) and transmit the bias power to the second
bias processing unit (184) for detecting the second power exchanger coil (164).

11. The contactless power transfer system of claim 9, further comprising a bias
transformer (236) configured to receive the bias power from the first power exchanger coil
(210) and transmit the bias power to the second bias processing unit (234) for detecting the
second power exchanger coil (214), wherein a primary winding (238) of the bias
transformer (236) is operatively coupled to the second power exchanger coil (214) and a
secondary winding (240) of the bias transformer (236) is operatively coupled to the second
bias processing unit (234).

12. The contactless power transfer system of claim 9, wherein the second bias
processing unit (234) is a switched-mode power supply.
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