OVER VOLTAGE PROTECTION FOR A WIRELESS POWER TRANSR
SYSTEM

BACKGROUND

[0001] Embodiments of the present invention relate gelyetalwireless power
transfer systems and more particularly relate tr @oltage protection for a wireless

power transfer system.

[0002] In one or more industries, an electric vehicle dryhrid vehicle includes

one or more batteries that supply electrical poteedrive the vehicle. In one
example, the batteries supply energy to an electator 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 beechdémgm an external power

source.

[0003] In general, power transfer systems are widely usddansfer power from
a power source to one or more electric loads, ssdor example, 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 consgcad wires are physically
coupled to the batteries for charging the batterie®wever, due to environmental
impact, such connectors and wires may be damagedrmded. Also, high currents
and voltages are used for charging the batterielence, establishing a physical
connection between the power source and the lestani the vehicle may involve
cumbersome safety measures. Also, this powerfaasgstem may become bulkier

and heavier compared to the contactless powerféasigstem.

[0004] In the contactless power transfer systems, powevearters are used to
convert an input power to a transferrable powericlviis further transmitted to the
electric load, such as the batteries in the vehicléhe power converter includes
switches which are operated at a particular swighrequency to convert the input
power to the transferrable power. Typically, depeg upon the load, the switching

frequency of the power converter is changed toledguor 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 attin a very high value in a very
short time period. Such a sudden increase in tifygub voltage may lead to failure of
operation and may also damage one or more componenthe power transfer

system.

[0005] Therefore, there is a need for an improved systemh @ethod for

protecting the power transfer system.
BRIEF DESCRIPTION

[0006] In accordance with one embodiment of the preserdntion, a wireless
power transfer system is disclosed. The wirelessep transfer system includes a
first converting unit configured to convert a fiBC voltage of an input power to an
AC voltage. Further, the wireless power transfetesm includes a contactless power
transfer unit communicatively coupled to the fiesinverting unit and configured to
receive the input power having the AC voltage frtme first converting unit and
transmit the input power having the AC voltage.sdlthe wireless power transfer
system includes a second converting unit commumagtcoupled to the contactless
power transfer unit and configured to receive thfgut power having the AC voltage
from the contactless power transfer unit, convestAC voltage of the input power to
a second DC voltage, and transmit the input povaermiy the second DC voltage to
an electric load. In addition, the wireless powansfer system includes a switching
unit including a first switch electrically coupled parallel to a first diode in a first
branch of the second converting unit, a secondchvétectrically coupled in parallel
to a second diode in a second branch of the secomeerting unit, and a controller
electrically coupled to the first switch and theca®d switch and configured to
activate the first switch and the second switclkl¢oouple the electric load from the
contactless power transfer unit if the second D@age across the electric load is

greater than a first threshold value.

[0007] In accordance with another embodiment of the ptasgention, a method
for operating a wireless power transfer systemisglosed. The method includes
converting, by a first converting unit, a first D@Iltage of an input power to a AC

voltage. Further, the method includes receiviramfrthe first converting unit and



transmitting, by a contactless power transfer uthig input power having the AC
voltage. Also, the method includes converting,absecond converting unit, the AC
voltage of the input power to a second DC voltagreaddition, the method includes
transmitting the input power having the second Ddtage from the second
converting unit to an electric load. Furthermdhe method includes decoupling, by
a switching unit, the electric load from the cotlegs power transfer unit if the

second DC voltage across the electric load is gréhan a first threshold value.
DRAWINGS

[0008] These and other features, aspects, and advantatiespyesent disclosure
will become better understood when the followingaded description is read with
reference to the accompanying drawings in which tikaracters represent like parts
throughout the drawings, wherein:

[0009] FIG. 1 is a block diagram representation of a \essl power transfer
system having a switching unit in accordance withembodiment of the present

invention;

[0010] FIG. 2 is a schematic representation of a wirgtesger transfer system in

accordance with an embodiment of the present inwent

[0011] FIG. 3 is a schematic representation of a wirgtesger transfer system in

accordance with another embodiment of the preseention;

[0012] FIG. 4 is a flow chart illustrating a method foopecting a wireless power

transfer system in accordance with an embodimetiteopresent invention;

[0013] FIG. 5 is a flow chart illustrating a method forcdepling and coupling a
converting unit in a wireless power transfer syst@m accordance with an

embodiment of the present invention; and

[0014] FIG. 6 is a schematic representation of a wirgtesger transfer system in

accordance with one another embodiment of the pté@seention.
DETAILED DESCRIPTION

[0015] As will be described in detail hereinafter, varioesbodiments of a

system and method for protecting a wireless powanster system are disclosed.



Also, various embodiments of a system and methodefgulating an output voltage
of the wireless power transfer system are discloskd particular, the system and
method disclosed herein employ a switching unprimect one or more components
of the wireless power transfer system. More spelf, the switching unit decouples
the one or more components in the system if anubwpltage of the wireless power
transfer system increases to an undesirable valberther, the switching unit is
configured to control the output voltage of theeless power transfer system even if
magnitude of an electric load coupled to the waelpower transfer system changes

substantially.

[0016] FIG. 1 is a diagrammatical representation of a les® power transfer
system 100 in accordance with an embodiment optasent invention. The wireless
power transfer system 100 is used to transmit @ctrgdal power from a power source
102 to one or more electric loads 132 such as regtemobile devices such as cell
phones, laptops, HVAC systems, and the like. &adily, in an automobile industry,
an electric vehicle or a hybrid vehicle includese ar more batteries that supply
electrical power to drive the vehicle. Such batemay be electrically charged from
the power source 102 via the wireless power transfestem 100. In one
embodiment, the wireless power transfer system @9 also be referred to as a

contactless power transfer system.

[0017] In the illustrated embodiment, the wireless powangfer system 100
includes a first converting unit 104 (inverter)c@ntrol unit 106, a contactless power
transfer unit 108, and a second converting unit &6tifier). The first converting
unit 104 is electrically coupled to the power seut®2 and the control unit 106. The
power source 102 is configured to supply an inpawer having a first DC voltage
112 to the first converting unit 104. In some enlibeents, the input power may be in
a range from about 100W to about 6.6 kW. In onbaiment, the power source 102
may be a part of the wireless power transfer systéén In another embodiment, the
power source 102 may be positioned external tontineless power transfer system
100.

[0018] The first converting unit 104 is configured to neeethe input power

having the first DC voltage 112 from the power seurl02. Further, the first



converting unit 104 is configured to operate ategetmined switching frequency to
convert the first DC voltage 112 of the input powter an AC voltage 114.
Particularly, the control unit 106 may determine g8witching frequency of the first
converting unit 104 based on the electric load 1820ne embodiment, the control
unit 106 may include a digital circuit or a proamsshat performs one or more
functions based on pre-stored instructions or @nog: Upon converting the first DC
voltage 112 of the input power to the AC voltagd,lthe first converting unit 104 is
further configured to transmit the input power mayithe AC voltage 114 to the

contactless power transfer unit 108.

[0019] The contactless power transfer unit 108 includes twmore coils or an
array of coils 116 that are magnetically couple@dch other. The coils 116 are used
for wirelessly transmitting the input power havitigg AC voltage 114 from the first
converting unit 104 to the second converting urdi0.1 The details pertaining to
transmitting the power using the coils 116 are ax@d in greater detail below with

reference to FIG. 2.

[0020] The second converting unit 110 is electrically dedpto the contactless
power transfer unit 108 via a switching unit 130pon receiving the power having
the AC voltage 114 from the contactless power feansinit 108, the second

converting unit 110 is configured to convert the ¥@tage 114 of the input power to
a second DC voltage 118. Further, the second congeunit 110 is configured to

transmit the input power having the second DC galtd18 to the electric load 132.
In one embodiment, the input power having the sedo€ voltage may be used for
charging the electric load including one or morétdvges that are coupled to the
wireless power transfer system 100.

[0021] Additionally, the wireless power transfer systen® ificludes a voltage
sensor 120, a first transceiver 122, and a seaamddeiver 124 that together form a
feedback loop 126. The voltage sensor 120 is tsagnse the second DC voltage
(output voltage) 118. The feedback loop 126 iglusderansmit a voltage signal {V
128 representative of the second DC voltage 11@ fitee voltage sensor 120 to the
control unit 106 via the first transceiver 122 ahd second transceiver 124. Further,

the control unit 106 is used to adjust the switghirequency of the first converting



unit 104 based on the received voltage signa) @28 to control or regulate the

second DC voltage 118 across the electric load 132.

[0022] However, since the voltage signal ofV128 is communicated using a
wireless communication path between the first wan®r 122 and the second
transceiver 124, the control unit 106 may recehe \toltage signal (3) 128 after a

certain time delay. In one embodiment, the delay hbe in a range from about 1
millisecond to about 5 milliseconds. In such anse®, the control unit 106 may not
be able to timely control the second DC voltage a@®ss the electric load 132 due
to the delay in communicating the voltage signa) d28. As a result, the second DC
voltage 118 may increase above a critical valuachvin turn may affect the second
converting unit 110 and/or other components inlr@less power transfer system
100. The critical value may be a voltage valuevabahich the components in the
wireless power transfer system 100 may be affectecbne embodiment, the critical

value may be in a range from about 400V to aboQ¥/50

[0023] To overcome the issues related to increase ofdbensl DC voltage 118
above a critical value, the exemplary wireless pawansfer system 100 includes the
switching unit 130 to protect the second converting 110 or other components in
the wireless power transfer system 100 from beiffgceed. Particularly, the
switching unit 130 is electrically coupled to thentactless power transfer unit 108
and the second converting unit 110. The switclimi¢y 130 is configured to decouple
the electric load 132 from the contactless powandfer unit 108 if the second DC
voltage 118 is greater than a first threshold v@\iax). The first threshold value
(VoMax) is less than the critical value. In one embwht, the first threshold value
(VoMax) may be in a range from about 300V to about400

[0024] The input power is not transmitted to the eledivd 132 by decoupling
the electric load 132 from the contactless powandfer unit 108. As a result, the
second DC voltage 118 across the electric loadid438duced to less than the first
threshold value (MWax). The protection of the second converting ubhlQ is

described in greater detail with reference to RAG.

[0025] Furthermore, in one embodiment, the switching a8® may be used to

regulate or control the second DC voltage 118 actbe electric load 132. If a



difference between the second DC voltage 118 avmltage reference value {kef)

is above a predefined value, the switching unit iE3bnfigured to regulate or control
the second DC voltage 118 without decoupling thectek load 132 from the

contactless power transfer unit 108. Such a réigul®f the second DC voltage 118

is described in greater detail with reference 6.R.

[0026] Referring to FIG. 2, a schematic representatiorthef wireless power
transfer system 100 in accordance with an embodiraethe present invention is
depicted. The first converting unit 104 includegplarality of switches 220 and
diodes 222 that are electrically coupled betweempnt terminal 219 and an output
terminal 221. In one embodiment, the switches 122§ include electronic switches,
such as MOSFETSs or IGBTs. The switches 220 aigatetl and deactivated based
on a switching frequency of the first convertingitub04 to convert the first DC
voltage 112 of the input power to the AC voltagé.1Particularly, the control unit
106 is configured to determine the switching fretgueof the first converting unit
104 based on the electric load 132. Further, timéral unit 106 is configured to send
one or more gate signals 226 that are represeatatithe switching frequency to the
plurality of switches 220 to convert the first DGltage 112 of the input power to the
AC voltage 114. The input power having the AC &gé 114 is transmitted from the

first converting unit 104 to the contactless potwansfer unit 108.

[0027] The contactless power transfer unit 108 includparaary coil 116a and a
secondary coil 116b. The primary coil 116a is tleally coupled to the first

converting unit 104. The secondary coil 116b eceically coupled to the second
converting unit 110. The primary coil 116a and tecondary coil 116b are
magnetically coupled to each other.

[0028] In addition to the primary coil 116a and the se@wgdcoil 116b, the
contactless power transfer unit 108 includes adfifdcusing coil 116¢c and a
compensation coil 116d. The field focusing coil6dlis positioned between the
primary coil 116a and the secondary coil 116b. Tik&l focusing coil 116c is
magnetically coupled to the primary coil 116a ahd secondary coil 116b. The

compensation coil 116d is magnetically couplechtodecondary coil 116b.



[0029] The input power having the AC voltage 114 is useéxcite the primary
coil 116a and the field focusing coil 116c simudansly. A primary current
corresponding to the AC voltage 114 flows througg primary coil 116a resulting in
excitation of the primary coil 116a, which in tugenerates a magnetic field that
excites the field focusing coil 116c. Further, tmagnetic field generated by the
primary coil 116a is focused towards the secondaily116b via the field focusing
coil 116¢c. The secondary coil 116b is configureddceive the magnetic field and
convert the magnetic field to the input power hgvine AC voltage 114. When the
secondary coil 116b receives the magnetic fiekk@ndary current corresponding to
the AC voltage 114 flows through the secondary tabb. Further, the input power
having the AC voltage 114 is then transmitted frii secondary coil 116b to the
second converting unit 110.

[0030] In one embodiment, the field focusing coil 116electrically coupled to
one or more resonators which are excited simultasigoby the input power to
enhance the magnetic coupling between the primaifylé6a and the secondary coill
116b. The compensation coil 116d is configuredmatch an impedance of the

contactless power transfer unit 108 with the secmmyerting unit 110.

[0031] The second converting unit 110 includes a firsnbha268 and a second

branch 270 that are electrically coupled betweenrput terminal 271 and the output
terminal 273. Particularly, the first branch 268ludes a pair of first diodes 272, 274
and the second branch 270 includes a pair of sedwdes 276, 278. In some
embodiments, the second converting unit 110 mayd#igured using electronic

switches, such as MOSFETSs, IGBTs along with diaotesithout using diodes. The

voltage sensor 120 is electrically coupled to the#pot terminal of the second

converting unit 110 to determine the second DCagat118 across the electric load
132.

[0032] The first transceiver 122 includes an antenna 2#8igured to transmit
the voltage signal (3y 128 to an antenna 250 of the second transceR4r 1n one
embodiment, the first transceiver 122 is positiopeakimate to the electric load 132
and the second transceiver 124 is positioned prabaro the first converting unit 104

or the power source 102.



[0033] As discussed earlier, the control unit 106 is aumréd to determine a
change in the electric load 132 based on the wlsignal (\y)) 128 representative of
the second DC voltage 118. In response to reagivia voltage signal (Y 128, the
control unit 106 is configured to determine or atljthe switching frequency of the
first converting unit 104. Further, the controlituhO6 is configured to send gate
signals 226 that are representative of the switchiequency to the first converting
unit 104 to control the AC voltage 114 of the ficsinverting unit 104, which in turn
controls the second DC voltage 118 across thergldoad 132. In other words, the
control unit 106 is configured to control or regeléhe second DC voltage 118 of the
wireless power transfer system 100 based on thagekignal (V) 128 received via
the feedback loop 126.

[0034] The switching unit 130 includes a first switch 280second switch 282,
and a controller 254. The controller 254 is eleatty coupled to the first switch 280,
the second switch 282, and the sensor 120. Ireort®diment, the first switch 280
and the second switch 282 may include one or mtgetrenic switches such as
MOSFETS, IGBTSs, and the like.

[0035] In the illustrated embodiment, the first switch 28Celectrically coupled
across the first diode 272 in the first branch @86&e second converting unit 110. In
a similar manner, the second switch 282 is elatyiccoupled across the second
diode 276 in the second branch 270 of the secondecbng unit 110. If the second
DC voltage 118 across the electric load 132 istgrehan a first threshold value, the
first switch 280 and the second switch 282 are atpdrin a protection mode to
decouple the electric load 132 from other companénthe wireless power transfer
system 100. Particularly, the first switch 280 #imel second switch 282 are activated
to short-circuit the secondary coil 116b of theteotiess power transfer unit 108. As
a result, the electric load 132 is decoupled frtve ¢ontactless power transfer unit
108.

[0036] If the second DC voltage 118 across the electral 1032 is less than a
second threshold value, the first switch 280 amdstircond switch 282 are operated in
a normal mode to couple the electric load 132 ® ¢bmponents of the wireless

power transfer system 100. Particularly, the fawitch 280 and the second switch



282 are activated and deactivated based on switckignals received from the
controller 254 to couple the electric load 132 he tontactless power transfer unit
108. The first switch 280 and the second switch @& activated and deactivated to
convert the AC voltage 114 to the second DC volth§j. The switching signals
include switching pulses corresponding to the sdapn current of the contactless

power transfer unit 108.

[0037] The controller 254 includes a first voltage compara256, a second
voltage comparator 258, a flip-flop unit 260, areat comparator 284, a NOT gate
286, a first OR gate 288, and a second OR gate ZB8.first comparator 256 and the
second comparator 258 are electrically coupledntanput terminal of the flip-flop
unit 260. Further, an output terminal of the flipp unit 260 is coupled to input
terminals of the first OR gate 288 and the secoRdg@te 290.

[0038] An input terminal of the current comparator 284liectrically coupled to a
current sensor 292 that is coupled to the seconttaiyl 16b of the contactless power
transfer unit 108. The current sensor 292 is tisexgnse the secondary current of the
contactless power transfer unit 108 and transmduaent signal to the current
comparator 284. Further, an output terminal ofdimeent comparator 284 is directly
coupled to the input terminal of the first OR ga&8. The output terminal of the
current comparator 284 is coupled to the input teahof the second OR gate 290 via
the NOT gate 286. Further, an output terminaheffirst OR gate 288 is coupled to
the first switch 280 and an output terminal of #s&gond OR gate 290 is coupled to

the second switch 282.

[0039] Specifically, the controller 254 is configured &ceive the voltage signal
(Vo) 128 that is representative of the second DC geltal8 from the sensor 120.
Further, the received voltage signal(\28 is transmitted to the first comparator 256
and the second comparator 258. The first compag4i6 is configured to compare
the second DC voltage 118 with a first thresholthlegV,Max). If the second DC
voltage 118 is greater than the first thresholdi@gh,Max), the first comparator 256
is configured to trigger the flip-flop unit 260 generate a first control signal 261 at
the output terminal of the flip-flop unit 260. bne embodiment, the first control

signal 261 is representative of binary ‘1. Furth#the first control signal 261 is

10



transmitted to the first OR gate 288 to generdiesaswitching signal 265. The first
control signal 261 is transmitted to the second g3 290 to generate a second
switching signal 267. In this scenario, the fiddR gate 288 and the second OR gate
290 generates the first and second switching ssg@@b, 267 to operate the first and
second switches 280, 282 in the protection modartidalarly, if the flip-flop unit
260 generates the first control signal 261, thst fibR gate 288 generates the first
switching signal 265 that is same as the first mdrgignal 261. Concurrently, the
second OR gate 290 generates the second switagimg 267 that is same as the first
control signal 261. In one embodiment, the finstl &econd switching signals 265,
267 are representative of binary ‘1’. Further, first switching signal 265 is
transmitted to the first switch 280 to activate fivet switch 280, and the second
switching signal 267 is transmitted to the secowdch 282 to activate the second
switch 282. By activating the first switch 280 atlte second switch 282, the
secondary coil 116b of the contactless power teansfit 108 is short-circuited. As a
result, the electric load 132 is decoupled fromdbetactless power transfer unit 108.
Further, second DC voltage 118 across the elddad 132 is reduced to below the

first threshold value.

[0040] Furthermore, the second comparator 258 is conftjuce receive the
voltage signal (W) 128 that is representative of the second DC gelth18. The
second comparator 258 is configured to compareetbeived second DC voltage 118
with a second threshold value {¥in). It should be noted herein that the second
threshold value (MMin) is less than the first threshold valuelax). If the second
DC voltage 118 is less than the second thresholdevéVv,Min), the second
comparator 258 is configured to trigger the flipglunit 260 to generate a second
control signal 263 at the output terminal of thp-flop unit 260. In one embodiment,
the second control signal 263 is representativeiary ‘0. Further, the second
control signal 263 is transmitted to the first O&ey288 and the second OR gate 290.
The first OR gate 288 and the second OR gate 28@rges switching signals to
operate the first and second switches 280, 282h& riormal mode. In one
embodiment, the switching signals are generateddoas the secondary current of
the contactless power transfer unit 108. More iipally, the current comparator 284
compares the secondary current of the contact@ssmptransfer unit 108 with a zero

11



value to trigger the first OR gate 288 to genegatkird switching signal 269 and the
second OR gate 290 to generate a fourth switchgnmpk275. The third switching
signal 269 and the fourth switching signal 275 @mplimentary to each other. The
third switching signal 269 and the fourth switchiegnal 275 include switching
pulses that correspond to the secondary curretiteo€ontactless power transfer unit
108. Further, the third switching signal 269 ensmitted to the first switch 280 and
the fourth switching signal 275 is transmitted ie second switch 282 to convert the
AC voltage 114 of the input power to the secondvdage 118.

[0041] During normal operation of the wireless power tfansystem 100, the
first switch 280 and the second switch 282 arevatgt and deactivated based on the
third and fourth switching signals 269, 275 to deufhe electric load 132 to the
contactless power transfer unit 208 and converAtbevoltage 114 of the input power
to the second DC voltage 118. At this stage, tharoller 254 sends the third and
fourth switching signals 269, 275 to operate tih&t #and second switches 280, 282 in

the normal mode.

[0042] In certain situations, if the full load 132 or arfpan of the load 132 is
disconnected or decoupled suddenly from the seconderting unit 110, the second
DC voltage 118 across the load 132 may increasgeabwe first threshold value
(VoMax). The sensor 120 determines and sends thageokignal (V) 128 that is
representative of this second DC voltage 118 to dbwetroller 254 and the first
transceiver 122. The first comparator 256 comptresecond DC voltage 118 with
the first threshold value (ax). If the second DC voltage 118 is greater ttramn
first threshold value (Wax), the first comparator 256 triggers the flipglunit 260
to generate the first control signal 261 whichramsmitted to the first OR gate 288
and the second OR gate 290 to generate the firsthsmg signal 265 and the second
switching signal 267. Further, the first and setewitching signals 265, 267 are
transmitted to activate the first and second swesch80, 282. As a result, the electric
load 132 is decoupled from the contactless povesster unit 108.

[0043] Concurrently, the first control signal 261 is trariged from the controller
254 to the first transceiver 122. Further, thstfiransceiver 122 transmits the voltage

signal (\,) 128 received from the sensor 120 and the firatrobsignal 261 received

12



from the controller 254 to the second transcein#t. 1 The voltage signal ¢y 128

and the first control signal 261 are further traittad to the control unit 106.

[0044] Upon receiving the voltage signal V128 and the first control signal 261,
the control unit 106 determines that the first a®tond switches 280, 282 are
activated. As a result, the control unit 106 deates the first converting unit 104.
Specifically, the control unit 106 sends the gatmas 226 to the switches 220 to
deactivate or open the switches 220. As a re#udt, first converting unit 104 is
deactivated from transmitting the power to the aotdéss power transfer unit 108 and

the second converting unit 110.

[0045] Furthermore, after a predetermined time period cti@rol unit 106 sends
a reset signal 262 to the second transceiver 1B&hws further transmitted to the
first transceiver 122. The first transceiver 122ds the reset signal 262 to the flip-
flop unit 260. In response to receiving the resghal 262, the flip-flop unit 260
resets and generates the second control signalaR@Be output terminal of the
controller 254. The generated second control $ig63 is further transmitted to the
first OR gate 288 and the second OR gate 290 tergenthe third switching signal
269 and the fourth switching signal 275 that inelwvitching pulses corresponding
to the secondary current of the contactless poraester unit 108. Further, the third
and fourth switching signals 269, 275 are tran®ditb the first and second switches
280, 282 to convert the AC voltage 114 of the inpoaMver to the second DC voltage
118. The electric load 132 is coupled to the otttdéas power transfer unit 108 via

the second converting unit 110 to receive the cdadesecond DC voltage 118.

[0046] Concurrently, the generated second control sigfalig transmitted from
the controller 254 to the first transceiver 128. atldition to the second control signal
263, the first transceiver 122 receives the voltsigeal (\,) 128 representative of the
second DC voltage 118 across the load 132. Further first transceiver 122
transmits the voltage signal {128 and the second control signal 263 to thergkco
transceiver 124, which is further transmitted t® tlontrol unit 106.

[0047] Upon receiving the voltage signal V128 and the second control signal
263 from the second transceiver 124, the contral L®6 determines whether the

second DC voltage 118 is less than or equal tditsiethreshold value (Max). If

13



the second DC voltage 118 is less than or equtdedirst threshold value (Wax),
the control unit 106 sends the gate signals 226dswitches 220 to activate the first
converting unit 104. Further, the control unit 2ijusts the switching frequency of
the first converting unit 104 based on the seco@dvltage 118 across the electric
load 132. In one embodiment, the control unit &@fusts the switching frequency of
the first converting unit 104 to regulate the set®C voltage 118 across the electric
load 132. If the second DC voltage 118 is gre#tan the first threshold value
(VoMax), the control unit 106 waits for the predetered time period to send another
reset signal to the controller 254. If the sec@f voltage 118 continues to be
greater than the first threshold valuelA&x) after transmitting a determined number
of reset signals, the control unit 106 deactivates electric load 132 from the
contactless power transfer unit 108. In one embedt, the control unit 106 may

shut down or deactivate the power transfer system.

[0048] Accordingly, by employing the switching unit 130dathe control unit
106, the second DC voltage 118 is prevented frooneasing to greater than the
critical value. As a result, the second convertimgg 110 is protected from damage

even if the electric load 132 is decoupled fromdbetactless power transfer unit 108.

[0049] Referring to FIG. 3, a schematic representationaoWireless power

transfer system 300 in accordance with another eéimient of the present invention
is depicted. The wireless power transfer systethi8&imilar to the wireless power
transfer system 100 of FIG. 2 except that a coleir@02 of a switching unit 312 is
configured to regulate or control the second DGag# 118 (output voltage) of the
second converting unit 110.

[0050] During operation, the second DC voltage 118 actios<lectric load 132
may vary substantially from a voltage referencau@alVoref). In one example, the
second DC voltage 118 may increase or decrease libi voltage reference value
(Voref). In certain scenario, due to change in tleetet load 132, difference between
the second DC voltage 118 and the voltage refereatee (\,ref) may increase
above a predefined value. As a consequence, om®i@ components in the second
converting unit 110 may be affected or damagedusTit is required to control or

regulate the second DC voltage 118 so that thenseD& voltage 118 is maintained
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below a critical value. In one example, the vadtagference value (vef) is less than

the critical value.

[0051] The sensor 120 transmits the voltage signg) (28 representative of the
second DC voltage 118 to the controller 302. Atagg comparator 306 of the
controller 302 is configured to compare the secb@voltage 118 with the voltage
reference value (Yef). If a difference between the second DC va@tad8 and the
voltage reference value (kéf) is above the predefined value, the voltage pamator
306 generates a third control signal 304 having@tarchined duty cycle at an output
terminal. In one embodiment, the controller 302y rdatermine or select the duty
cycle using a look-up table. For example, if teeasd DC voltage 118 is 90 volts, a
duty cycle of 0.75 is selected from the look-upléabIn another example, if the
second DC voltage 118 is 170 volts, a duty cycl®.6fis selected from the look-up
table. In yet another example, if the second Difage 118 is 250 volts, a duty cycle
of 0.25 is selected from the look-up table. Thiedtltontrol signal 304 includes

switching pulses corresponding to the determineg dycle.

[0052] The voltage comparator 306 transmits the third rebrstignal 304 having
the determined duty cycle to the first OR gate 288 the second OR gate 290.
Concurrently, the current comparator 284 transmitgals corresponding to the
secondary current to the first OR gate 288 andédomend OR gate 290. The first OR
gate 288 generates the fifth switching signal 2hd #he second OR gate 290
generates the sixth switching signal 279 basederhird control signal 304 and the
secondary current of the contactless power tratisiguitinit 108. The fifth switching
signal 277 and the sixth switching signal 279 ammglimentary to each other. The
fifth switching signal 277 and the sixth switchisignal 279 include switching pulses
corresponding to the third control signal 304 ahé tsecondary current of the
contactless power transfer unit 108. Further, fift switching signal 277 is
transmitted to the first switch 280 and the sixthitshing signal 279 is transmitted to
the second switch 282 to regulate the second Dag®I118 across the load 132.

[0053] More particularly, if the difference between the@sd DC voltage 118
and the voltage reference value,@f) is greater than the predefined value, thé fift

switching signal 277 and the sixth switching sigd@® are transmitted to first switch
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280 and the second switch 282 respectively, tovaietiand deactivate the first and
second switches 280, 282. The fifth and sixth @vitg signals 277, 279 include
switching pulses corresponding to the switchingsesilof the third control signal 304.
As a result, the difference between the second Difage 118 and the voltage

reference value (yef) is reduced below the predefined value.

[0054] Further, if the difference between the second D@age 118 and the
voltage reference value {kéf) is less than the predefined value, the fifthtching
signal 277 and the sixth switching signal 279 aaasmitted to the first and second
switches 280, 282 to activate and deactivate tts¢ dind second switches 280, 282.
The fifth and sixth switching signals 277, 279 ud¢ switching pulses corresponding
to the secondary current of the contactless poveaster unit 108. As a result, the
second converting unit 210 converts the AC voltagé of the input power to the
second DC voltage 118 and supplies the convertedngeDC voltage 118 to the

electric load 132.

[0055] Concurrently, the voltage signal {128 is transmitted from the sensor
120 to the first transceiver 122. Further, thstfiransceiver 122 transmits the voltage
signal () 128 to the second transceiver 124, which in tsritransmitted to the

control unit 206.

[0056] The control unit 106 generates gate signals 226das the second DC

voltage 118. Further, the control unit 106 trarisnthe gate signhals 226 to the
switches 220 to adjust the switching frequencyhef first converting unit 104. As a

result, the AC voltage 114 is regulated, whichumtcontrols the second DC voltage
118 across the load 132. However, the regulatioth® second DC voltage 118,

using the control unit 106, occurs after the refyoaof the second DC voltage, using
the controller 302. Hence, the controller 302 prerfs faster regulation of the second
DC voltage 118 compared to the regulation of theosd DC voltage 118 by the

control unit 106.

[0057] Referring to FIG. 4, a flow chart illustrating a thed 400 for protecting
the wireless power transfer system in accordante ani embodiment of the present
invention is depicted. At step 402, a first DCtagke of an input power is converted

to an AC voltage by a first converting unit. Thestf converting unit is operated at a
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determined switching frequency to convert the fd§ voltage of the input power to

the AC voltage.

[0058] Subsequently, at step 404, the method includesviegeand transmitting
the input power having the AC voltage by a cone&sslpower transfer unit. The
contactless power transfer unit transmits the imgmwver having the first AC voltage
to a second converting unit. Further, at step #@6AC voltage of the input power is
converted to a second DC voltage by a second cohngemit. At step 408, the input
power having the second DC voltage is transmittechfthe second converting unit to
an electric load. In one embodiment, the eledtrad may be one or more batteries
that are electrically charged using the input powaving the second DC voltage

received from the second converting unit.

[0059] At step 410, the electric load is decoupled frora tontactless power
transfer unit if the second DC voltage across tleetec load is greater than a first
threshold value (Max). Specifically, a switching unit is used tocdaple the
electric load from the contactless power transfat. u As a result, the second DC
voltage across the electric load is reduced to thas the first threshold value
(VoMax), thereby protecting the second converting truin being affected due to
over voltage. If the determined second DC voltegkess than a second threshold
value (\,Min), the switching unit couples the electric lodthe contactless power
transfer unit to continue supplying power having second DC voltage to the electric

load.

[0060] Referring to FIG. 5, a flow chart illustration a tined for decoupling and
coupling a second converting unit in a wireless @otwansfer system in accordance
with an embodiment of the present invention is ciepl. At step 502, a voltage
signal (V,) representative of a second DC voltage across laatrie load is
transmitted by a sensor. More specifically, thesse transmits the voltage signal
(Vo) to a controller of a switching unit. Furthergetsensor transmits the voltage

signal (\%) to a control unit via a first transceiver anceaand transceiver.

[0061] At step 504, the controller determines whether tb#age signal (V)
representative of the second DC voltage is gretitan a first threshold value

(VoMax). If the voltage signal () representative of the second DC voltage is greate
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than the first threshold value §Max), the controller transmits a first switchingsal

to a first switch and a second switching signad teecond switch to activate or close
the first and second switches as depicted in Si¢p As a result, the electric load is
decoupled from the contactless power transferamidtthereby the second DC voltage
across the load is reduced to less than the twstshold value (Max). More
specifically, the second DC voltage is preventednfiattaining a critical value that is
greater than the first threshold value,Aax). The critical value is a voltage value
greater than which the second converting unit mayatfected. Concurrently, the
controller sends a first control signal to the cohtnit via the first transceiver and

the second transceiver.

[0062] At step 508, the controller determines whether tb#age signal (V)

representative of the second DC voltage is less thasecond threshold value
(VoMin). If the voltage signal (Vo) representativetbé second DC voltage is less
than the second threshold value\h), the controller sends a third switching signal
to the first switch and a fourth switching signalthe second switch to activate and
deactivate the first and second switches. Asutrdbe electric load is coupled to the
contactless power transfer unit and the AC voltegeonverted to the second DC

voltage which is supplied to the electric load apidted in step 510.

[0063] At step 512, the control unit receives the voltagmal (\,) and the first
control signal. Specifically, the control unit eages the voltage signal {y/from the
sensor via the first transceiver and the secontsteiver. The control unit receives
the first control signal from the controller viaetliirst transceiver and the second

transceiver.

[0064] At step 514, the control unit deactivates the fomtverting unit if the first

control signal is received from the controller. Tirgt converting unit is deactivated
to prevent the supply of input power to the secomaverting unit. At step 516, the
control unit transmits a reset signal to the cdlgrovia the first transceiver and the
second transceiver after a predetermined time gerim response to receiving the
reset signal, the controller generates the thid fanrth switching signals. Further,

the controller sends the third and fourth switchsignals to operate the first and
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second switches in the normal mode. As a reddtetectric load is coupled to the

contactless power transfer unit to receive the patgethe second converting unit.

[0065] Concurrently, at step 518, the controller transthigssecond control signal
to the control unit via the first transceiver ahd second transceiver. Further, at step
518, the sensor transmits the voltage signa) ¢¢ the control unit via the first
transceiver and the second transceiver. At stdp 8# control unit determines
whether the voltage signal {/representative of the second DC voltage is legs or
equal to the first threshold value {Max). 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 resulig tinput power is supplied to the
second converting unit via the contactless powansfier unit. Further, the electric
load receives the power having the second DC welfagm the second converting
unit. As a result, one or more components in tlrelass power transfer unit are
protected from increase in the second DC voltagesadhe load. On the other hand,
if the second DC voltage is still greater than fin&t threshold value (Wax), the
control unit continues to deactivate the first centivmg unit and sends another reset
signal after the predetermined time period to yenhether the second DC voltage is
less than or equal to the first threshold valugM&x). If the second DC voltage is
greater than the first threshold value,fAax) after sending a determined number of
reset signals, the control unit may shut down @ctleate the power transfer system.
In accordance with the exemplary embodiments dssmisherein, the exemplary
system and method facilitate to protect one or ncoraponents in the wireless power
transfer system when the load is disconnected.théyrthe exemplary system and
method facilitate to control or regulate the outpudltage when the load is
disconnected. As a result, one or more componienthie system are protected

without decoupling the components from each othéné system.

[0066] Referring to FIG. 6, a schematic representationaoWireless power
transfer system 300 in accordance with one embattimkethe present invention is
depicted. The wireless power transfer system &08imilar to the wireless power
transfer system 300 of FIG. 3 except that a coleir@22 of a switching unit 612 is
configured to regulate or control the second DCtag# 118 (output voltage) and

19



electrical current 604 (output current) of the setoonverting unit 110. Also, in this
embodiment, a battery 602 may be coupled acrossebend converting unit 110 as
an electric load. The battery 602 may be chargedhb second DC voltage 118
provided by the second converting unit 110.

[0067] In this embodiment, the controller 622 may contol regulate output
current 604 provided to the battery 602 along wiith second DC voltage 118 while
charging the battery 602. In one example, if tagdsy 602 is a lead acid battery, the
controller 622 may first regulate the output cutré®4 until the battery is charged to
a predefined value. Further, the controller 62% megulate the second DC voltage
118 until the battery is fully charged. For ea$aimderstanding, the battery 602 is
considered as the lead acid battery in the bel®sergsion.

[0068] During operation, the controller 622 may monitoe thutput current 604
along with the second DC voltage 118 while chargireggbattery 602. If the electrical
charge in the battery 602 is below or equal toedgrermined value, the controller
622 may control or regulate the electrical cursmthat a constant output current 604
is provided to the battery 602 for charging thetdygt 602. In one example, the
predetermined value may be 80 % of battery’s fhlirge capacity. Particularly, the
controller 622 may receive a signal representadivéhe output current 604 from a
current sensor 606. Further, the controller 62% ownpare the output current 604
with a current reference value (lo ref) to genesatéching signals Sand $ 608. 610
having corresponding switching pulses. These #witcsignals $and $ 608, 610
are provided to the switches 280, 282 to regula¢edutput current 604 that is used
for charging the battery 602.

[0069] Furthermore, if the electrical charge in the bgtté02 is above the
predetermined value. The controller 622 may céntroregulate the second DC
voltage 118 so that a constant second DC voltageoisded for charging the battery
602. Particularly, the controller 622 may receaveignal representative of the second
DC voltage 118 from the voltage sensor 120. Furthiee controller 622 may
compare the second DC voltage 118 with a voltagererce value (Vo ref) to
generate switching signals &d $ 608, 610 having corresponding switching pulses.
These switching signals; &nd $ 608, 610 are provided to the switches 280, 282 to
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regulate the second DC voltage 118 that is provided¢harging the battery 602. It
may be noted that the controller 622 may regulaleage and/or current based on a
type of the battery that is coupled to the secoodverting unit 110. In one
embodiment, the controller 622 may first regul&ie $econd DC voltage 118 until the
battery is charged to the predetermined value. thEgyr the controller 622 may

regulate the output current 604 until the batterfully charged.

[0070] While only certain features of the present disaeswave been illustrated
and described herein, many modifications and chemgk occur to those skilled in
the art. It is, therefore, to be understood that appended claims are intended to
cover all such modifications and changes as fathiwithe true spirit of the present

disclosure.
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CLAIMS

1. A wireless power receiver for use with a wireless power transmitter having a first
converting unit that converts an input power having a first DC voltage to an AC voltage and
transmit the input power via a primary coil, the wireless power receiver comprising:

a secondary coil configured to receive the input power having the AC voltage from the
primary coil;

a second converting unit configured to convert the AC voltage of the input power to a
second DC voltage, and provide the input power having the second DC voltage to an electric
load;

a voltage sensor electrically coupled to the electric load and configured to determine
the second DC voltage across the electric load;

a switching unit comprising:

a first switch electrically coupled in a first branch of the second converting unit;
a second switch electrically coupled in a second branch of the second
converting unit; and
a controller electrically coupled to the first switch and the second switch and
configured to
activate the first switch and the second switch to decouple the electric
load from the secondary coil if the second DC voltage across the electric load
is greater than a first threshold value,
regulate the second DC voltage across the electric load if a difference
between the second DC voltage and a voltage reference value is above a
predefined value,
generate a first control signal when the second DC voltage across the
electric load is greater than the first threshold value, and
generate a second control signal when the second DC voltage across
the electric load is lesser than a second threshold; and
a first transceiver configured to:
receive one of the first control signal and the second control signal from the
controller, and
transmit one of the first control signal and the second control signal to a second

transceiver of the wireless power transmitter.

2. The wireless power receiver of claim 1, wherein the secondary coil is configured to

magnetically couple to the primary coil, and wherein the primary coil is configured to receive
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a primary current from the first converting unit and the secondary coil is configured to transmit

a secondary current to the second converting unit.

3. The wireless power receiver of claim 2, wherein the controller is further configured to:
generate a first switching signal and a second switching signal based on the first
control signal; and
send the first switching signal and the second switching signal to activate the first
switch and the second switch respectively to short-circuit the secondary coil.

4. The wireless power receiver of claim 3, wherein the controller is further configured to:

receive a current signal representative of the secondary current of the secondary coil
from a current sensor;

generate a third switching signal and a fourth switching signal based on the second
control signal and the secondary current, wherein the third switching signal and the fourth
switching signal are complementary to each other; and

send the third switching signal and the fourth switching signal to the first switch and

the second switch respectively to couple the electric load to the secondary coil.

5. The wireless power receiver of claim 4, wherein each of the third switching signal and
the fourth switching signal includes a plurality of switching pulses corresponding to the

secondary current of the secondary coil.

6. The wireless power receiver of claim 5, wherein the controller is further configured to:

generate a third control signal having a predefined duty cycle if a difference between
the second DC voltage and the voltage reference value is above a predefined value;

generate a fifth switching signal and a sixth switching signal based on the third control
signal and the secondary current of the secondary coil, wherein the fifth switching signal and
the sixth switching signal are complementary to each other; and

send the fifth switching signal and the sixth switching signal to the first switch and the
second switch respectively to couple the electric load to the secondary coil and to regulate the
second DC voltage across the electric load.

7. The wireless power receiver of claim 1, further comprising the first transceiver
electrically coupled to the voltage sensor and configured to:

receive a voltage signal representative of the second DC voltage across the electric
load measured by the voltage sensor;

transmit the voltage signal to the second transceiver of the wireless power transmitter.
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8. The wireless power receiver of claim 7, wherein the first control signal is configured to

cause the wireless power transmitter to deactivate the first converting unit.

9. The wireless power receiver of claim 7, wherein the second control signal is configured
to cause the wireless power transmitter to adjust a switching frequency of the first converting
unit based on the voltage signal representative of the second DC voltage across the electric
load.

10. The wireless power receiver of claim 9, wherein the switching frequency is adjusted to
regulate the second DC voltage across the electric load.

11. The wireless power receiver of claim 7, wherein the controller is configured to receive
a reset signal from the wireless power transmitter via the second transceiver and the first

transceiver.

12. The wireless power receiver of claim 11, wherein the controller is configured to

generate the second control signal if the reset signal is received.

13. The wireless power receiver of claim 1, wherein the controller is configured to regulate
the electrical current, the second DC voltage, or both across the electric load based on

electrical charge in the electric load.

14. A method for operating a wireless power receiver for use with a wireless power
transmitter having a first converting unit that converts an input power having a first DC voltage
to an AC voltage and transmit the input power via a primary coil, the method comprising:

receiving, by a secondary caoil, the input power having the AC voltage from the primary
coil;

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

providing the input power having the second DC voltage from the second converting
unit to an electric load;

decoupling, by a switching unit, the electric load from the secondary coil if the second
DC voltage across the electric load is greater than a first threshold value, wherein decoupling
the electric load includes activating a first switch and a second switch, the first switch
electrically coupled in a first branch of the second converting unit, and the second switch

electrically coupled in a second branch of the second converting unit;
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transmitting, by a first transceiver of the wireless power receiver to a second
transceiver of the wireless power transmitter, a first control signhal when the second DC voltage
across the electric load is greater than the first threshold value; and

transmitting, by the first transceiver, a second control signal when the second DC

voltage across the electric load is lesser than a second threshold value.

15. The method of claim 14, further comprising regulating, by the switching unit, the
second DC voltage across the electric load if a difference between the second DC voltage and
a voltage reference value is above a predefined value.

16. The method of claim 14, wherein decoupling the electric load further includes:
determining, by a voltage sensor, the second DC voltage across the electric load; and
activating, by a controller, the first switch and the second switch to decouple the electric

load from the secondary coil if the determined second DC voltage is greater than the first

threshold value.

17. The method of claim 16, further comprising deactivating one of the first switch and the
second switch and activating other of the first switch and the second switch to couple the
electric load to the secondary coil if the determined second DC voltage is less than a second

threshold value.

18. The method of claim 14, wherein the first control signal is configured to cause the
wireless power transmitter to deactivate the first converting unit, and wherein the second
control signal is configured to cause the wireless power transmitter to adjust a switching

frequency of the first converting unit based on the second DC voltage across the electric load.

25



