SYSTEM AND METHOD FOR PROTECTING A WIRELESS POWER
TRANSFER SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is related to India patent apgiaa entitled “METHOD
AND SYSTEM FOR PROTECTING A WIRELESS POWER TRANSFER
SYSTEM” filed concurrently herewith under attorrgycket number 285990A-1.

BACKGROUND

[0002] Embodiments of the present invention relate gelyetal wireless power
transfer systems and more particularly to a syséamh method for protecting a

wireless power transfer system.

[0003] In one or more industries, an electric vehicle dryarid vehicle includes

one or more batteries that supply electrical powedrive the vehicle. In one
example, the batteries supply energy to an eleotator to drive a shaft in the
vehicle, which in turn drives the vehicle. Thetbaes are used for supplying the
power and hence may be drained and need to beethéimgm an external power

source.

[0004] In general, power transfer systems are widely tisgchnsfer power from a
power source to one or more electric loads, sudiorasxample, the batteries in the
vehicle. Typically, the power transfer systems rbaycontact based power transfer
systems or contactless power transfer systemshelrcontact based power transfer
systems, components, such as plug, socket consge@nd wires are physically
coupled to the batteries for charging the batterie®wever, due to environmental

impact, such connectors and wires may be damageararded. Also, high currents



and voltages are used for charging the batteridence, establishing a physical
connection between the power source and the lesdterithe vehicle may involve
cumbersome safety measures. Also, this powerfaaggstem may become bulkier

and heavier compared to the contactless powerféasigstem.

[0005] In the contactless power transfer systems, powavearters are used to
convert an input power to a transferrable poweilickvis further transmitted to the
electric load, such as the batteries in the vehicldne power converter includes
switches which are operated at a particular switgtirequency to convert the input
power to the transferrable power. Typically, depeg upon the load, the switching
frequency of the power converter is changed toleggwr control an output voltage
of the power transfer system. However, if the teledoad is disconnected or varied,
the output voltage of the power transfer system i#gin a very high value in a
very short time period. Such a sudden increag@enoutput voltage may lead to
failure of operation and may also damage one orencomponents in the power

transfer system.

[0006] Therefore, there is a need for an improved syster method for

protecting the power transfer system.
BRIEF DESCRIPTION

[0007] In accordance with one embodiment of the preserdgniion, a wireless
power transfer system is disclosed. The wirelesgep transfer system includes a
first converting unit configured to convert a fil8C voltage of an input power to a
first AC voltage. Further, the wireless power #fem system includes a contactless
power transfer unit communicatively coupled to thst converting unit and
configured to receive the input power having thstfiAC voltage from the first
converting unit and transmit the input power. Alsloe wireless power transfer

system includes a second converting unit commumelgitcoupled to the contactless



power transfer unit and configured to receive thgut power from the contactless
power transfer unit and convert the first AC voéiagf the input power to a second
DC voltage. The input power having the second @age is transmitted to an

electric load. Furthermore, the wireless powengdfer system includes a switching
unit coupled to the contactless power transfer amit the second converting unit and
configured to decouple the second converting urotnf the contactless power

transfer unit if the second DC voltage across tketec load is greater than a first

threshold value.

[0008] In accordance with another embodiment of the ptesavention, a

switching unit for protecting a wireless power s system is disclosed. The
switching unit includes a switch configured to blectically coupled across a
second converting unit configured to be coupledatoelectric load. Also, the
switching unit includes a controller electricallgupled to the switch and configured
to send a first control signal to activate the shitf an output DC voltage

determined across the electric load is greater #hfinst threshold value. The switch
is activated to decouple the second convertingfumih a contactless power transfer

unit.

[0009] In accordance with another embodiment of the ptesevention, a

method for protecting a wireless power transfetesysis disclosed. The method
includes converting, by a first converting unitfirat DC voltage of an input power
to a first AC voltage. Further, the method inclsideceiving from the first
converting unit and transmitting, by a contactlgesver transfer unit, the input
power having the first AC voltage. Also, the mathioacludes converting, by a
second converting unit, the first AC voltage of tinput power to a second DC
voltage. Furthermore, the method includes trartsmgithe input power having the
second DC voltage from the second converting undrt electric load. In addition,

the method includes decoupling, by a switching,uh& second converting unit from



the contactless power transfer unit if the seco@vdltage across the electric load

is greater than a first threshold value.
DRAWINGS

[0010] These and other features, aspects, and advanthtes mresent disclosure
will become better understood when the followingaded description is read with
reference to the accompanying drawings in whict tkaracters represent like parts

throughout the drawings, wherein:

[0011] FIG. 1 is a block diagram representation of a wssel power transfer
system having a switching unit in accordance witheanbodiment of the present

invention;

[0012] FIG. 2 is a schematic representation of a wirgbesger transfer system in

accordance with an embodiment of the present inwent

[0013] FIG. 3 is a schematic representation of a wirepessger transfer system in

accordance with another embodiment of the preseehtion;

[0014] FIG. 4 is a flow chart illustrating a method foioprcting a wireless power
transfer system in accordance with an embodimetiteopresent invention;

[0015] FIG. 5 is a flow chart illustrating a method forcdepling and coupling a
converting unit in a wireless power transfer systé@m accordance with an

embodiment of the present invention; and

[0016] FIG. 6 is a flow chart illustrating a method foguating an output voltage
of a wireless power transfer system in accordarntteam embodiment of the present

invention.

DETAILED DESCRIPTION



[0017] As will be described in detail hereinafter, varioesmibodiments of a

system and method for protecting a wireless powaster system are disclosed.
Also, various embodiments of a system and methodefgulating an output voltage
of the wireless power transfer system are discloskdparticular, the system and
method disclosed herein employ a switching unjirtatect one or more components
in the wireless power transfer system. More spEtdif, the switching unit

decouples the one or more components in the sydtam output voltage of the

wireless power transfer system increases to ansinatde value. Further, the
switching unit may be used to control or reguldie output voltage of the wireless
power transfer system even if an electric load gmlifo the wireless power transfer

system changes substantially.

[0018] FIG. 1 is a diagrammatical representation of a les® power transfer
system 100 in accordance with an embodiment of gfesent invention. The
wireless power transfer system 100 is used to iméansn electrical power from a
power source 102 to one or more electric loads si8h as, batteries, light loads,
mobile devices like cell phones, laptops, HVAC eys$ etc. Particularly, in an
automobile industry, an electric vehicle or a hglbvehicle includes one or more
batteries that supply electrical power to drive Wahicle. Such batteries may be
electrically charged from the power source 102 tia wireless power transfer
system 100. In one embodiment, the wireless pinaasfer system 100 may also be

referred as a contactless power transfer system.

[0019] In the illustrated embodiment, the wireless powmmngfer system 100
includes a first converting unit 104 (inverter)s@ntrol unit 106, a contactless power
transfer unit 108, and a second converting unit (t&6tifier). The first converting
unit 104 is electrically coupled to the power seudd®2 and the control unit 106.
The power source 102 is configured to supply amutimpwer having a first DC

voltage 112 to the first converting unit 104. b embodiments, the input power



may be in a range from about 100W to about 6.6KkkVone embodiment, the power
source 102 may be a part of the wireless poweisfearsystem 100. In another
embodiment, the power source 102 may be positiex&ztnal to the wireless power

transfer system 100.

[0020] The first converting unit 104 is configured to reeethe input power
having the first DC voltage 112 from the power s@ud02. Further, the first
converting unit 104 is configured to operate ategednined switching frequency to
convert the first DC voltage 112 of the input powera first AC voltage 114.
Particularly, the control unit 106 may determine #witching frequency of the first
converting unit 104 based on the electric load &8@pled to the wireless power
transfer system 100. In one example, the contndl LO6 may include a digital
circuit or a processor that performs one or monections based on pre-stored
instructions or programs. Upon converting thet f&C voltage 112 of the input
power to the first AC voltage 114, the first cortugg unit 104 is further configured
to transmit the input power having the first ACtagle 114 to the contactless power

transfer unit 108.

[0021] The contactless power transfer unit 108 includes &w more coils or an

array of coils 116 that are magnetically coupleceémh other. The coils 116 are
used for wirelessly transmitting the input powewihg the first AC voltage 114

from the first converting unit 104 to the seconahneerting unit 110. The details
pertaining to transmitting the power using the dill6 are explained in greater
detail below with reference to FIG. 2.

[0022] The second converting unit 110 is electrically dedpto the contactless
power transfer unit 108 via a switching unit 130pon receiving the power having
the first AC voltage 114 from the contactless powansfer unit 108, the second
converting unit 110 is configured to convert thevpo having the first AC voltage

114 to an output power having a second DC voltat® 1Further, the second



converting unit 110 is configured to transmit theput power having the second DC
voltage 118 to the electric load 132. In one eXanihe output power may be used
for charging the electric load including one or mbatteries that are coupled to the

wireless power transfer system 100.

[0023] Additionally, the wireless power transfer systen® Iificludes a sensor 120,
a first transceiver 122, and a second transceigdrthat together form a feedback
loop 126. The sensor 120 is used to sense thex¢d2G voltage (output voltage)
118. The feedback loop 126 is used to communiaat®ltage signal () 128
representative of the second DC voltage 118 fraensdmsor 120 to the control unit
106 via the first transceiver 122 and the secoawlstteiver 124. Further, the control
unit 106 may be used to adjust or change the swwgcfrequency of the first
converting unit 104 based on the received voltageas (V,) 128 to control or

regulate the second DC voltage 118 across therielémad 132.

[0024] However, since the voltage signalJV128 is communicated using a
wireless communication path between the first taiver 122 and the second
transceiver 124, the control unit 106 may recehetoltage signal (3 128 after a
certain time delay. In one embodiment, the delay fbe in a range from about 1
millisecond to about 5 milliseconds. The contritd06 may not be able to timely
control the second DC voltage 118 across the atdlaad 132 due to the delay in
communicating the voltage signal §V128. As result, the second DC voltage 118
may increase above a critical value, which in tumay damage the second
converting unit 110 and/or other components inwireless power transfer system
100. The critical value may be a voltage valuevabahich the components in the
wireless power transfer system 100 may be damadgadone embodiment, the

critical value may be in a range from about 400\ahbout 500V.

[0025] To overcome the issues related to increase of@bensl DC voltage 118

above a critical value, the exemplary wireless pavansfer system 100 includes the



switching unit 130 to protect the second convertimgit 110 from damage.
Particularly, the switching unit 130 is electrigattoupled to the contactless power
transfer unit 108 and the second converting un@. 1The switching unit 130 is
configured to decouple the second converting ub@ from the contactless power
transfer unit 108 if the second DC voltage 118reater than a first threshold value
(VoMax). The first threshold value (Max) may be less than the critical value. In
one embodiment, the first threshold valugNMx) may be in a range from about
350V to about 450V.

[0026] The input power is not transmitted to the seconaveding unit 110 or the
electric load 132 by decoupling the second conwgrtinit 110 from the contactless
power transfer unit 108. As a result, the seco@vdltage 118 across the electric
load 132 may be reduced below the first threshaldier (\\Max). The switching
unit 130 is configured to prevent the second DGagd 118 from attaining a critical
value, which in turn protects the second converting 110 from damage. The
protection of the second converting unit 110 iscdbed in greater detail with

reference to FIG. 2.

[0027] Furthermore, in one embodiment, the switching &30 may be used to
regulate or control the second DC voltage 118 actbe electric load 132. If the
second DC voltage 118 is greater than a voltagereete value (yef), the

switching unit 130 is configured to regulate or tohthe second DC voltage 118
without decoupling the second converting unit 116nTf the contactless power
transfer unit 108. The regulation of the second Wtage 118 is described in

greater detail with reference to FIG. 3.

[0028] Referring to FIG. 2, a schematic representatioa wireless power transfer
system 200 in accordance with an embodiment optkesent invention is depicted.
The wireless power transfer system 200 is simibathe wireless power transfer

system 100 of FIG. 1. The wireless power transystem 200 is used to transmit an



input power from a power source 202 to an eledtréxl 232 such as one or more

batteries in an electric or hybrid vehicle.

[0029] The wireless power transfer system 200 includesstadonverting unit 204,
a control unit 206, a contactless power transfer 208, a second converting unit
210, a switching unit 212, a first transceiver 2aA¢d a second transceiver 216. It
may be noted that the wireless power transfer syst®0 may include other

components and may not be limited to the comporsaw/n in FIG. 2.

[0030] In the illustrated embodiment, the first convertingit 204 is electrically
coupled to the power source 202 and configureeédteive the input power having a
first DC voltage 218 from the power source 202. e Thist converting unit 204
includes a plurality of switches 220 and diodes #2& are electrically coupled
between an input terminal and an output terminadheffirst converting unit 204. In
one example, the switches 220 may include elearswitches, such as MOSFETs
or IGBTs. The plurality of switches 220 and thed#is 222 are arranged to form a
DC-AC converter.

[0031] The switches 220 are activated and deactivateddbasea switching
frequency of the first converting unit 204 to cortvtbe first DC voltage 218 of the
input power to a first AC voltage 224. Particwarkthe control unit 206 is
configured to determine the switching frequencytlod first converting unit 204
based on the electric load 232 coupled to the sselpower transfer system 200.
Further, the control unit 206 is configured to seme or more gate signals 226 that
are representative of the switching frequency glurality of switches 220 in the
first converting unit 204 to convert the first DGltage 218 of the input power to the
first AC voltage 224. The input power having thstfAC voltage 224 is transmitted

from the first converting unit 204 to the contastigoower transfer unit 208.



[0032] The contactless power transfer unit 208 is eleadtyiccoupled to the first
converting unit 204 for receiving the input poweavimg the first AC voltage 224.
The contactless power transfer unit 208 includpsraary coil 228 and a secondary
coil 230. The primary coil 228 is electrically gied to the first converting unit 204.
In a similar manner, the secondary coil 230 is takadly coupled to the second
converting unit 210. The primary coil 228 and teecondary coil 230 are

magnetically coupled to each other.

[0033] In addition to the primary coil 228 and the secomdaocil 230, the

contactless power transfer unit 208 includes adfifdcusing coil 234 and a
compensation coil 236. The field focusing coil 234 positioned between the
primary coil 228 and the secondary coil 230. Thedffocusing coil 234 is

magnetically coupled to the primary coil 228 ané gecondary coil 230. In a
similar manner, the compensation coil 236 is magaky coupled to the secondary
coil 230. It may be noted that the contactless gyatnansfer unit 208 may include
two or more coils for transferring the power frone first converting unit 204 to the

second converting unit 210.

[0034] Further, the input power having the first AC vokag24 from the first
converting unit 204 is configured to excite thenmpary coil 228 and the field
focusing coil 234 simultaneously. The magnetitdfigenerated by the primary coil
228 is focused towards the secondary coil 230 heafield focusing coil 234. The
secondary coil 230 is configured to receive the me#ig field and convert the
magnetic field to the input power having the filS€ voltage 224. The power
having the first AC voltage 224 is then transmitfemm the secondary coil 230 to
the second converting unit 210. In one embodimtet field focusing coil 234 is
electrically coupled to one or more resonators dnatarranged in an array which are
excited by the input power simultaneously to enkatiee coupling between the
primary coil 228 and the secondary coil 230. Tlempensation coil 236 is

1C



configured to match an impedance of the contacfesser transfer unit 208 with the

second converting unit 210.

[0035] The second converting unit 210 is configured toveohthe power having

the first AC voltage 224 to an output power havemgsecond DC voltage 238.
Particularly, the second converting unit 210 inelsida plurality of diodes,

MOSFETS, or IGBTs 240 that are electrically cougbetiveen an input terminal and
an output terminal of the second converting un2.2The power having the second
DC voltage 238 is transmitted to the electric I&82. In one embodiment, the
electric load 232 may be batteries that are etstyi charged by using the power
received from the second converting unit 210. dirbe noted that herein the terms

“output voltage” and “second DC voltage” may bedisgerchangeably.

[0036] Additionally, the wireless power transfer systen® 2@cludes a sensor 244,
a first transceiver 214, and a second transcei¢értBat together form a feedback
loop 242. The feedback loop 242 is used for comaating load information and/or
the second DC voltage information to the contrat 206. More specifically, the
sensor 244 is electrically coupled to the outpuhieal of the second converting unit
210 to determine the second DC voltage 238 aclusslectric load 232. In one
embodiment, the sensor 244 may be a voltage sensmsuch an embodiment, the
sensor 244 is configured to transmit a voltageai@¥,) 246 that is representative
of the determined second DC voltage 238 to thetfiamsceiver 214.

[0037] The first transceiver 214 includes an antenna 2#8igured to transmit the
voltage signal (V) 246 towards an antenna 250 of the second traresc2l6. In
one embodiment, the first transceiver 214 may bsitipoed proximate to the
electric load 232 and the second transceiver 21y bagpositioned proximate to the
first converting unit 204 or the power source 20Phe second transceiver 216 is

configured to receive the voltage signal)¥246 transmitted by the first transceiver
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214. Further, the second transceiver 216 is cordi) to transmit the received
voltage signal (V) 246 to the control unit 206.

[0038] The control unit 206 is configured to determinéhargye in the electric load
232 based on the voltage signalX\246 representative of the second DC voltage
238. In response to receiving the voltage sigh@) @46, the control unit 206 is
configured to determine or adjust the switchingjfrency of the first converting unit
204. Further, the control unit 206 is configuredsend gate signals 226 that are
representative of the switching frequency to thst ftonverting unit 204 to control
the first AC voltage 224 of the first convertingituB04, which in turn controls the
second DC voltage 238 across the electric load 282ther words, the control unit
206 is configured to control or regulate the secb@ voltage 238 of the wireless
power transfer system 200 based on the voltagealsi®) 246 received via the
feedback loop 242.

[0039] Similar to the embodiment of FIG. 1, in order toemome the issues
related to increase of the second DC voltage 2388/ea a critical value, the
exemplary wireless power transfer system 200 ireguthe switching unit 212
configured to protect the second converting unl® #bm damage. The switching
unit 212 includes a switch 252 and a controller .25Z&he controller 254 is

electrically coupled to the switch 252 and the se244.

[0040] In the illustrated embodiment, the switch 252 ecéically coupled across
the second converting unit 210. The switch 252dtvated if the switch 252
receives a first control signal from the control®&4d. Specifically, the switch 252 is
activated or closed to short-circuit the secondany 230, which in turn decouples
the second converting unit 210 from the secondary230. Similarly, the switch
252 may be deactivated if the switch 252 receivesa@nd control signal from the
controller 254. Specifically, the switch 252 isadgvated or opened to couple the

secondary coil 230 to the second converting urt 21
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[0041] The controller 254 includes a first comparator 2&6econd comparator
258, and a flip-flop unit 260. The first comparab6 and the second comparator
258 is electrically coupled to an input terminaltbé flip-flop unit 260. An input
terminal of the controller 254 is coupled to thestficomparator 256 and the second
comparator 258. An output terminal of the con&aol54 is coupled to the flip-flop
unit 260.

[0042] The controller 254 is configured to receive thetagé signal (V) 246 that
is representative of the second DC voltage 238 ftoensensor 244. Further, the
received voltage signal (¥ 246 is transmitted to the first comparator 256@ #me
second comparator 258. The first comparator 2560idigured to compare the
second DC voltage 238 with a first threshold vaj\MgMax). If the second DC
voltage 238 is greater than the first thresholdu@alVoMax), the first comparator
256 is configured to trigger the flip-flop unit 260 generate the first control signal

at the output terminal of the controller 254.

[0043] Similarly, the second comparator 258 is configut@deceive the voltage
signal (\,) 246 that is representative of the second DC gelta38. Further, the
second comparator 258 is configured to comparergheived second DC voltage
238 with a second threshold value iflin). It should be noted herein that the
second threshold value {Min) is less than the first threshold value,fiéx). If the
second DC voltage 238 is less than the secondhibicesalue (\dMin), the second
comparator 258 is configured to trigger the flipglunit 260 to generate the second

control signal at the output terminal of the colénro254.

[0044] During normal operation of the wireless power tfansystem 200, the
switch 252 is deactivated to couple the second eximg unit 210 to the contactless
power transfer unit 208. The second DC voltage &38ss the electric load 232 is
controlled or regulated by the control unit 206dghsn the voltage signal {/246

received from the sensor 244 via the first transreP14 and the second transceiver



216. The controller 254 does not activate or cibseswitch 252 if the second DC
voltage 238 is less than the first threshold v@\igMax).

[0045] In certain circumstances, if the full load 232 guation of the load 232 is
disconnected or decoupled suddenly from the seconderting unit 210, the second
DC voltage 238 across the load 232 may increaseeatiee first threshold value
(VoMax). The sensor 244 determines and send thegeokegnal (\) 246 that is
representative of this second DC voltage 238 todbetroller 254 and the first
transceiver 214. At the controller 254, the fasmparator 256 compares the second
DC voltage 238 with the first threshold valuefiax). If the second DC voltage
238 is greater than the first threshold valugMsx), the first comparator 256
triggers the flip-flop unit 260 to generate thesficontrol signal which is transmitted
to the switch 252 to deactivate the switch 252. aA®sult, the second converting

unit 210 is decoupled from the contactless povardier unit 208.

[0046] Concurrently, the first control signal is transmttfrom the controller 254
to the first transceiver 214. Further, the firstinsceiver 214 transmits the voltage
signal (\,) 246 received from the sensor 244 and the firsitrob signal received
from the controller 254 to the second transceivis. 2The voltage signal ¢y 246

and the first control signal are further transnditte the control unit 206.

[0047] Upon receiving the voltage signal §M246 and the first control signal, the
control unit 206 determines that the switch 252g¢tivated in the wireless power
transfer system 200 based on the received firdtaasignal. As a result, the control
unit 206 deactivates the first converting unit 20kh. one embodiment, the control
unit 204 sends the gate signals 226 to the swit2R6sn the first power converting
unit 204 to deactivate or open the switches 228.aAesult, the first converting unit
204 is deactivated or suspended from transmittiegobwer to the contactless power

transfer unit 208 and the second converting urfit 21
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[0048] Furthermore, after a predetermined time periodctrdrol unit 206 sends a
reset signal 262 to the second transceiver 216 hikifurther transmitted to the first
transceiver 214. The first transceiver 216 sehdsréset signal 262 to the flip-lop
unit 260 in the controller 254. In response teerdag the reset signal 262, the flip-
flip unit 260 resets and generates the secondaasignal at the output terminal of
the controller 254. The generated second contgobs$ is transmitted to the switch
252 to deactivate or open the switch 252 so thats#tond converting unit 210 is
coupled to the contactless power transfer unit @0Bermit the second converting
unit 210 to continue supplying power having theosec DC voltage 238 to the
electric load 232.

[0049] Concurrently, the generated second control sigh#éhe controller 254 is
transmitted to the first transceiver 214. In additto the second control signal, the
first transceiver 214 receives the voltage sighg) 246 representative of the second
DC voltage 238 across the load 232. Further, itisetfansceiver 214 transmits the
voltage signal (¥) 246 and the second control signal to the secardteiver 216,

which is further transmitted to the control uni620

[0050] Upon receiving the voltage signal V246 and the second control signal
from the second transceiver 216, the control ud@& @etermines whether the second
DC voltage 238 is less than or equal to the finseghold value (MMax). If the
second DC voltage 238 is less than or equal tditstethreshold value (Wax), the
control unit 206 sends the gate signals 226 testhitches 220 in the first converting
unit 204 to activate the first converting unit 2C8urther, the control unit 206 adjusts
or changes the switching frequency of the firstvesting unit 204 based on the
second DC voltage 238 across the electric load 282ne embodiment, the control
unit 206 adjusts or changes the switching frequexiaye first converting unit 204
to regulate or control the second DC voltage 238sxcthe electric load 232. If the

second DC voltage 238 is greater than the firgstwld value (Wax), the control



unit 206 waits for the predetermined time periodsénd another reset signal to the
controller 254. If the second DC voltage 238 aumis to be greater than the first
threshold value (MMax) after transmitting the reset signal for a mtedmined
number of times, the control unit 206 deactivabtesdystem 200.

[0051] Accordingly, by employing the switching unit 212datine control unit 206,
the second DC voltage 238 is prevented from inangaagbove the critical value. As
a result, the second converting unit 210 is prettétom damage even if the electric
load 232 gets disconnected or decoupled from theleds power transfer system
200.

[0052] Referring to FIG. 3, a schematic representatioa wireless power transfer
system 300 in accordance with another embodimethefpresent invention. The
wireless power transfer system 300 is similar ® whreless power transfer system
200 of FIG. 2 except that a controller 302 in thatching unit 212 is configured to
regulate or control the second DC voltage 238 (adutyoltage) of a second

converting unit 210.

[0053] During operation, if the electric load 232 getscdisnected from the
wireless power system 300, the second DC voltage @30ss the load 232 may
increase above a voltage reference valugefy. It is required to control or regulate
the second DC voltage 238 so that the second D@gmP38 is not increased above
a critical value. In one example, the voltage negfiee value (Mef) is less than the

critical value.

[0054] The sensor 244 determines the second DC voltagea@@8s the electric
load 232. Further, the sensor 244 transmits agelsignal (V) 246 representative
of the second DC voltage 238 to the controller 382the controller 302, the second
DC voltage 238 is compared with the voltage refeeevalue (\fref). If the second
DC voltage 238 is greater than the voltage refexematue (\iref), the controller 302

1€



generates a control signal 304 having a determilugg cycle to control the switch
252. In one embodiment, the controller 302 maheine or select the duty cycle
using a look-up table. For example, if the secb@lvoltage 238 is 90 volts, a duty
cycle of 0.75 corresponding to 90 volts is seledtedh the look-up table. In another
example, if the second DC voltage 238 is 170 volsduty cycle of 0.5

corresponding to 170 volts is selected from theklop table. In yet another
example, if the second DC voltage 238 is 250 vo#tsduty cycle of 0.25

corresponding to 250 volts is selected from thé&-op table.

[0055] The controller 302 transmits the control signal 3@4ing the determined
duty cycle to the switch 252 to regulate or conth@ second DC voltage 238 across
the load 232. Particularly, the control signal 36dludes switching pulses having
the determined duty cycle. The switching pulsestansmitted to the switch 252 to
regulate or control the second DC voltage 238 acttos load 232.

[0056] Concurrently, the voltage signal {246 is transmitted from the sensor 244
to the first transceiver 214. Further, the firstnsceiver 214 transmits the voltage
signal (\,) 246 to the second transceiver 216, which in tgrtransmitted to the

control unit 206.

[0057] At the control unit 206, gate signals 226 are gateer based on the second
DC voltage 238. Further, the control unit 206 srait the gate signals 226 to the
switches 220 in the first converting unit 204 tguatl or change the switching

frequency of the first converting unit 204. Asesult, the first AC voltage 224 from

the first converting unit 204 is regulated, whichturn controls or regulates the
second DC voltage 238 across the load 232. Howéweregulation of the second
DC voltage 238, using the control unit 206, ocaiftsr the regulation of the second
DC voltage, using the controller 302. Hence, thetller 302 may perform faster

regulation of the second DC voltage 238 comparethéoregulation of the second
DC voltage 238 by the control unit 206.

17



[0058] Accordingly, the second DC voltage 238 across dael 232 is regulated or
controlled by employing the switching unit 212 lrefdhe second DC voltage 238
reaches the critical value. As a result, the seéamnverting unit 210 is prevented
from damage even if the electric load 232 is diseated from the wireless power

transfer system 300.

[0059] Referring to FIG. 4, a flow chart illustrating a tined 400 for protecting

the wireless power transfer system in accordanad waspects of the present
invention is depicted. The method 400 is descrilwith reference to the

components of FIGS. 1 and 2. At step 402, a ixStvoltage of an input power is
converted to a first AC voltage. A first convegianit is coupled to a power source
for receiving the input power having the first DGltage. The first converting unit
is operated at a determined switching frequenaptwert the first DC voltage of the

input power to the first AC voltage.

[0060] Subsequently, at step 404, the method includesviegeand transmitting

the input power having the first AC voltage. Rararly, a contactless power
transfer unit is electrically coupled to the figinverting unit to receive the input
power having the first AC voltage. The contactlpewer transfer unit transmits the
input power having the first AC voltage to a secaendverting unit. Furthermore, at
step 406, the first AC voltage of the input powserconverted to a second DC
voltage. A second converting unit is electricatlyupled to the contactless power
transfer unit to receive the input power having tingt AC voltage. Further, the

second converting unit converts the first AC vodtaj the input power to the second
DC voltage. At step 408, the input power having ttecond DC voltage is
transmitted from the second converting unit to l@ctec load. In one embodiment,
the electric load may be one or more batteriesdhaelectrically charged using the

input power having the second DC voltage receivenhfthe second converting unit.
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[0061] At step 410, the second converting unit is decalifdlem the contactless
power transfer unit if the second DC voltage actbsselectric load is greater than a
first threshold value (MMax). Specifically, a switching unit is used tocdaple the
second converting unit from the contactless powansfer unit. As a result, the
second DC voltage across the electric load is redibelow the first threshold value
(VoMax), thereby protecting the second converting fmain damage due to over
voltage. Furthermore, if the determined second Joffage is less than a second
threshold value (MMin), the switching unit couples the second conmgrtinit to the
contactless power transfer unit to continue supglypower having the second DC

voltage to the electric load.

[0062] Referring to FIG. 5, a flow chart illustration a thed for decoupling and
coupling a second converting unit in a wireless @otransfer system in accordance
with an embodiment of the present invention is deyl. Specifically, the method
500 includes steps involved in the step 410 of AGALt step 502, a voltage signal
(Vo) representative of a second DC voltage acrosseatrie load is transmitted by a
sensor. More specifically, the sensor transmisvitiitage signal (y) to a controller.
Further, the sensor transmits the voltage signa) & a control unit via a first

transceiver and a second transceiver.

[0063] Subsequently, at step 504, the controller detersnimeether the voltage
signal (\,) representative of the second DC voltage is grehtn a first threshold
value (\WMax). If the voltage signal ()Y representative of the second DC voltage is
greater than the first threshold valueilax), the controller transmits a first control
signal to a switch to activate or close the swasltdepicted in step 506. As a result,
the second converting unit is decoupled from th&taxiless power transfer unit and
thereby the second DC voltage across the loaddiscesl below the first threshold
value (\,Max). More specifically, the second DC voltage pgevented from

reaching a critical value that is greater thanfitet threshold value (Wax). The



critical value may be a voltage value above whiehgecond converting unit may be
damaged. Concurrently, the controller sends adwatrol signal to the control unit

via the first transceiver and the second transceive

[0064] Furthermore, at step 508, the controller determivbsther the voltage
signal (\%) representative of the second DC voltage is leas & second threshold
value (\,Min). If the voltage signal (Vo) representativetbé second DC voltage is
less than the second threshold valugMM), the controller sends a second control
signal to the switch to deactivate or open the dwés depicted in step 510. As a
result, the second converting unit is coupled odbntactless power transfer unit to
receive and supply the power to the electric load.

[0065] At step 512, the control unit receives the voltaggmal (\,) and the first
control signal. The control unit receives the ag# signal () from the sensor via
the first transceiver and the second transceivire control unit receives the first

control signal from the controller via the firsamisceiver and the second transceiver.

[0066] Subsequently, at step 514, the control unit deaiss/the first converting

unit if the first control signal is received frotmet controller. The first converting unit

is deactivated to prevent the supply of input poteethe second converting unit.
Furthermore, at step 516, the control unit, tratsireset signal to the controller via
the first transceiver and the second transceiver afpredetermined time period. In
response to receiving the reset signal, the cdetrgenerates the second control
signal. Further, the controller sends the secomatrol signal to the switch to

deactivate or open the switch. As a result, tle®rs@ converting unit is coupled to
the contactless power transfer unit to receive suqgply the power to the electric
load at step 508.

[0067] Concurrently, at step 518, the controller transnmiessecond control signal

to the control unit via the first transceiver ah@ tsecond transceiver. Further, the
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sensor transmits the voltage signab)(¥o the control unit via the first transceiver
and the second transceiver. Subsequently, at5&@pthe control unit determines
whether the voltage signal {Vrepresentative of the second DC voltage is leas t

or equal to the first threshold value,Wax). If the second DC voltage is less than
or equal to the first threshold value,Max), the control unit transmits gate signals
to activate the first converting unit. As a restiiie input power is supplied to the
second converting unit via the contactless powaatsier unit. Further, the electric
load receives the power having the second DC welfemm the second converting

unit. As a result, one or more components in tireless power transfer unit are

protected from increase in the second DC voltagesadhe load.

[0068] Referring to FIG. 6, a flow chart illustrating a tined for regulating an
output voltage of a wireless power transfer systemaccordance with an
embodiment of the present invention is depicted.stBp 602, a first DC voltage of
an input power is converted to a first AC voltagpecifically, a first converting unit
is coupled to a power source for receiving the inpower having the first DC
voltage. Further, the first converting unit is ogged at a determined switching

frequency to convert the first DC voltage of thpuhpower to the first AC voltage.

[0069] Subsequently, at step 604, the method includesviegeand transmitting

the input power having the first AC voltage. Rararly, a contactless power
transfer unit is electrically coupled to the figinverting unit to receive the input
power having the first AC voltage. Further, thentawtless power transfer unit

transmits the input power having the first AC vgiao a second converting unit.

[0070] Furthermore, at step 606, the first AC voltage loé input power is
converted to a second DC voltage. The second comgeunit is electrically
coupled to the contactless power transfer uniet®ive the input power having the
first AC voltage. Further, the second convertimg gonverts the first AC voltage of

the input power to the second DC voltage. At €8, the input power having the
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second DC voltage is transmitted from the secomyexding unit to an electric load.
In one embodiment, the electric load may be onemare batteries that are
electrically charged by the input power having $keond DC voltage received from

the second converting unit.

[0071] In addition, at step 610, the second DC voltagesscthe electric load is
regulated if the second DC voltage across theradoiad is greater than a voltage
reference value (Yef). A switching unit is electrically coupled tihe second
converting unit and configured to regulate the sdcDC voltage across the electric
load. Particularly, a sensor coupled to an outpuhinal of the second converting
unit is used to determine the second DC voltagesacthe electric load. Further, a
controller which is coupled to the sensor, is ugedenerate a control signal having
a determined duty cycle based on the second D@gelt More specifically, the
controller compares the second DC voltage withleage reference value (kéf). If
the second DC voltage is greater than the voltajerance value (yef), the
controller determines or selects a duty cycle apoading to the second DC voltage.
Further, the controller generates the control sigaging the selected or determined
duty cycle. Thereafter, the controller feeds tbetml signal having the determined
duty cycle to the switch to regulate the secondvd(fage across the electric load to

protect the second converting from damage due ¢o wltage.

[0072] In accordance with the exemplary embodiments dssmlisherein, the

exemplary system and method facilitate to protes or more components in the
wireless power transfer system when the load ixodisected. Further, the
exemplary system and method facilitate to controkegulate the output voltage
when the load is disconnected. As a result, onmane components in the system

are protected without decoupling the components feach other in the system.

[0073] While only certain features of the present disalesave been illustrated

and described herein, many modifications and chegi occur to those skilled in
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the art. It is, therefore, to be understood that dppended claims are intended to
cover all such modifications and changes as fathiwithe true spirit of the present

disclosure.



CLAIMS

1. A wireless power transfer system comprising:

a contactless power transfer unit configured to receive an input power having a first
AC voltage from a first converting unit and transmit the input power, via a switching unit, to a

second converting unit;

the second converting unit electrically coupled to the contactless power transfer unit
and configured to receive the input power from the contactless power transfer unit and
convert the first AC voltage of the input power to a second DC voltage, wherein the input
power having the second DC voltage is transmitted to an electric load,;

the switching unit electrically coupled between the contactless power transfer unit
and the second converting unit, the switching unit configured to decouple the second
converting unit from the contactless power transfer unit based on a first control signal from a

controller;

a sensor electrically coupled to the electric load and configured to determine the

second DC voltage across the electric load;

the controller electrically coupled to the sensor and the switching unit, the controller

configured to:

send the first control signal to activate the switching unit when the determined
second DC voltage is greater than a first threshold value, wherein the switching unit
is activated to decouple the second converting unit from the contactless power

transfer unit, and

send a second control signal to deactivate the switching unit when the
determined second DC voltage is less than a second threshold value, wherein the
switching unit is deactivated to couple the second converting unit to the contactless

power transfer unit; and

a first transceiver electrically coupled to the sensor and configured to:
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receive a voltage signal representative of the second DC voltage across the

electric load from the sensor,

receive one of the first control signal and the second control signal from the

controller, and

transmit the voltage signal and the one of the first control signal and the

second control signal to a second transceiver.

2. The wireless power transfer system of claim 1, further comprising the second
transceiver communicatively coupled to the first transceiver and configured to receive the
voltage signal and one of the first control signal and the second control signal from the first

transceiver.

3. The wireless power transfer system of claim 2, further comprising a control unit

electrically coupled to the second transceiver and the first converting unit and configured to:

receive the voltage signal and one of the first control signal and the second control

signal from the second transceiver; and

deactivate the first converting unit if the first control signal is received from the

second transceiver.

4, The wireless power transfer system of claim 3, wherein the control unit is configured
to adjust a switching frequency of the first converting unit if the second control signal is
received from the second transceiver, wherein the switching frequency is adjusted based on

the voltage signal representative of the second DC voltage across the electric load.

5. The wireless power transfer system of claim 4, wherein the switching frequency is

adjusted to regulate the second DC voltage across the electric load.
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6. The wireless power transfer system of claim 3, wherein the control unit is configured
to transmit a reset signal to the controller via the second transceiver and the first transceiver,
wherein the reset signal is transmitted after a predetermined time period from deactivating

the first converting unit.

7. The wireless power transfer system of claim 6, wherein the controller is configured to:

receive the reset signal from the control unit via the second transceiver and the first

transceiver; and

send the second control signal to the switching unit to deactivate the switch based on
the reset signal, wherein the switching unit is deactivated to couple the second converting

unit to the contactless power transfer unit; and

transmit the second control signal to the control unit via the second transceiver and

the first transceiver in response to receiving the reset signal.

8. The wireless power transfer system of claim 7, wherein the control unit is configured

to:

in response to transmitting the reset signal, receive the second control signal from

the controller via the first transceiver and the second transceiver;

receive the voltage signal representative of the second DC voltage from the voltage

sensor via the first transceiver and the second transceiver; and

activate the first converting unit if the second control signal is received and the

second DC voltage is less than or equal to the first threshold value.

9. A switching unit for protecting a wireless power transfer system, the switching unit

comprising:

a switch electrically coupled between a contactless power transfer unit and a second

converting unit, the second converting unit coupled to an electric load;
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a controller electrically coupled to the switch and configured to:

send a first control signal to activate the switch if an output DC voltage
determined across the electric load is greater than a first threshold value, wherein the
switch is activated to decouple the second converting unit from the contactless power

transfer unit,

send a second control signal to deactivate the switch if the determined output
DC voltage is less than a second threshold value, wherein the switch is deactivated
to couple the second converting unit to the contactless power transfer unit, and

send one of the first control signal and the second control signal to a first
transceiver which is configured to transmit a voltage signal representative of the
output DC voltage across the electric load and one of the first control signal and the

second control signal to a control unit via a second transceiver; and

a sensor electrically coupled to the controller and configured to determine the output
DC voltage across the electric load and send the voltage signal to the controller and the first

transceiver.

10. The switching unit of claim 9, wherein the controller is configured to:

receive a reset signal from the control unit if the first control signal is transmitted to

the control unit; and

send the second control signal to the switch to deactivate the switch if the reset
signal is received, wherein the switch is deactivated to couple the second converting unit to

the contactless power transfer unit.

11. The switching unit of claim 10, wherein the controller is configured to send the

second control signal to the control unit to activate the first converting unit.

12. A method for wireless power transfer, comprising:
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receiving, by a contactless power transfer unit, an input power having a first AC
voltage from a first converting unit and transmitting the input power, via a switching unit, to a

second converting unit;

converting, by the second converting unit, the first AC voltage of the input power to a
second DC voltage;

transmitting the input power having the second DC voltage from the second

converting unit to an electric load;

determining, by a sensor, the second DC voltage across the electric load;

controlling, by a controller, a switching unit configured to decouple or couple the
second converting unit from the contactless power transfer unit based one of a first control

signal and a second control signal, wherein said controlling includes:

sending the first control signal to the switching unit to activate the switching
unit when the determined second DC voltage is greater than a first threshold value,
wherein the switching unit is activated to decouple the second converting unit from

the contactless power transfer unit, and

sending the second control signal to the switching unit to deactivate the
switching unit when the determined second DC voltage is less than a second
threshold value, wherein the switching unit is deactivated to couple the second

converting unit to the contactless power transfer unit; and
transmitting, by a first transceiver, a voltage signal representative of the

second DC voltage across the electric load from the sensor and the one of the first

control signal and the second control signal to a second transceiver.
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