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(57) Abstract: A cable assembly includes a cable having a first end and a second end. The cable has an electric conductor and a cooling
conduit, each of which extends from the first end to the second end. The cooling conduit 1s adapted to convey a fluid that cools the
clectric conductor. The cable assembly includes a leak detection module to detect a leak of the fluid from the cooling conduit. The leak
detection module includes a power source to generate an 1input voltage signal which 1s applied at a first node contact with the fluid.
The leak detection module includes a controller to monitor an output voltage signal at the first node and to detect a leak of the fluid

from the cooling conduit based on the output voltage signal.

[Continued on next page/



WO 20217097298 A [}} 1R 0KYF V0L AP PN A0 0 AR L R O R

SA, SC, SD, SE, 5G, SK, SL, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, B, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

— as to applicant's entitlement to apply for and be granted a
patent (Rule 4.17(ii))

— as lo the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:
—  with international search report (Art. 21(3))



WO 2021/097298 PCT/US2020/060528

EEAK BETECTION IN ACABLE ASSEMBLY

INCORPORATION BY REFERENCE TO ARNY PRIORITY APPLICATIONS
0001 This application claims the benefit of prionity to U.S. Provisional Patent
Application No. 62/936,254, filed November 15, 2019 and entitled “LEAK DETECTION IN
A CABLE ASSEMBLY,” which 15 hereby incorporated by reference in its entirety.

BACKGROUND

{2 The advancement of electric vehicles has created an increased need for
charging equipment that delivers electric power {0 rechargeable batteries of the vehicles.
Some such applications, such as high current, fast-charging vehicle chargers, are designed to
work with continuous currents of 330 amps or more. To transfer energy more quickly and
decrease charging times, the cable assembly (including cable and charging connector} should
be capable of withstanding ligh current loads. Generally, the higher the current flow that
passes through the charging equipment, the more heat 15 generated.

0003 To mutigate the problem of excessive heat generation, the cross section of
the current carrving conductor may be imncreased o reduce loss. However, such an mgcrease n
cross section requires an ncreased cable cross section, which makes the cable difficult 1o
handle. Alternatively, the cable assembly mayv include a cooling conduit disposed near the
conductors. The cooling conduit may carry a coolant fhuid that can take away some or all of
the heat generated in the conductors. However, the presence of the coolant fhnd in the cable
assembly poses new problems. For example, the coolant fluid may leak from the cooling
conduit and may come in contact with electrical conductors, or a shield of the cable
assembly. This may resuit in damage to the cable as well as to the charging equipment and
the vehicle.

SUMMARY

0004 The present disclosure relates {0 a cable assembly. In one embodiment, the
cable assembly mcludes a cable baving a first end and a second end. The cable has electric
conductors and cooling conduits, each of which extends from the first end to the second end

of the cable. The cooling conduit 15 adapted to convey a thud that cools the electric
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conductor. In this embodiment, the cable assembly mcludes a leak detection module to detect
a tlud leak from the cooling condwit. The leak detection module may mclude a power source
to generate an input voltage signal which 1s applied at a first node that contacts with the
thid. The leak detection module includes a controlier to monitor an ocutput voitage signal at
the nodes and {0 detect a leak of the {luid from the cooling condwnt based on changes
detected from the output voltage signal

0005 in some embodiments of the present invention, a cable assembly having a
ftuid-cooled cable 15 provided. The cable has a first end and a second end. The cable mcludes
one or more electrnic conductors and a cooling condunt, each of which extends from the first
end to the second end. The cooling conduit 1s adapted to convey a tiuid that cools the eleciric
conductor. The cable assembly includes a connector attached to the second end of the cable.
The cooling condust forms a {luid channel around mside a handle of the connector and 1s
adapted to cool the connector. The cable assembly mcludes a leak detection module coupled
to the cable and the connector. The leak detection module includes a power source {0
generate an input voltage signal wherein the mput voltage signal 1s apphed at a tirst node that
contacts with the fluid. The leak detection module mcludes a controller to monstor an output
voltage signal at the first node and to detect a leak of the fluid from the cooling conduit based

on detected changes to the output voltage signal.

BRIEF DESCRIPTION OF THE DRAWINGS

00061 Fi(. 1 ilustrates exemplary connector and cable as part of a cable
assembly, according to certamn embodunents of the present disclosure.

0007 Fi(G. 2 schematically iiustrates an example of a leak detection module for
the cable assembly, according to certain embodiments of the present disclosure.

3003 FIGL 3 ddlustrates exemnplary voltage wavetorms at various nodes of the
leak detection module, according to certain embodiments of the present disclosure.

LY FI(z. 4 idlustrates an exemplary cross section of the cable assembly,
according to certain emnbodiments of the present disclosure.

00T O Fi(3 5 illustrates a perspective view of the connector, according to certain

embodiments of the present disclosure.
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00T 1] Embodiments of the present disclosure and their advaniages are best
understood by referring to the detailed description that follows. It should be appreciated that
itke reference numerals are used to 1dentity like elements illustrated in one or more of the
tigures, wherein showings therein are for purposes of illustrating embodiments of the present

disclosure and not for purposes of iroiting it

DETAILED DESCRIPTION

H0E 2 The following detasled description of embodumnents presentis various
descriptions of specific embodiments of the mmvention. However, the invention can be
embodied in a muititude of different ways. In this description, reference 15 made to the
drawmngs where like reference numerals may ndicate dentical or ftunctionally simidar
clernents. It will be understood that elements illustrated 1 the figures are not necessarily
drawn to scale. Moreover, 1t will be understood that certain embodiments can include more
elements than illustrated i a drawing and/or a subset of the elements illustrated in a drawing.
Further, some embodiments can meorporate any suitable combination of features from two or
more drawings.

{80 E 3 (senerally described, one or more aspecis of the present disclosure relate
to cable assembhies mcluding leak detection modules. Thustratively, a leak detection module
may aliow detection of a leak of a coolant fluid i a cable assembly used for charging electric
vehicles. Upon detecting the leak, the leak detection module may alert a user such that the
user stops using the cable to charge the vehicle. In some configurations the leak detection
module may automatically stop the power supply connected to the cable assembly {rom
providing power to the cable Thus, leak detection may help mn avoiding faults in cable
assembiies that may arise due o contact between coolant fluid and the electrical conductors
and mncrease the safety of using such cable assemblies. Although various aspects of the cable
assembly are described in an environment of charging of eleciric or hybnid vehicles, the
cabie assembly may also be used in any other apphication area which mav allow use ot such a
fluid-cooled cable.

00T 4] FIG 1 idlustrates an exampie of a charger assembly 100 having a cable
102 that runs laterally through the assembly 100. The cable 102 mayv have at least one

electrical conductor 104 that 15 configured tor transterring electric power. In some
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embodunents, the cable 102 may termunate in a connector tip 106 that 15 connected to a
connector housing 108 (part of which 1s here removed for visibility ). The connector tip 106
may be designed to be compatible with a power inlet and may therefore be configured
according o one or more standards for electric connectors. The cable 102 may form the
connection between the connector tip 106 and a power supply {e.g., a generator or an electric
arid). The cable 102 may have a first end and a second end such that the first end of the cable
102 1s coupled to the power supply and the second end is coupled to the connector tip 106, In
some embodiments, the connector tip 106 and the connector housing 108 may be
manufactured as a single prece. In other embodiments, the connector tip 106 and connector
housing 108 mav be manufactured as separate pieces.

LUK A handle {not shown} may partially, or fully, enclose the connector tip 100
and/or the connector housing 108, The handle may also partially enclose the cable 102, The
handle may be designed to be held by a person, such as when inserfing the connector fip 106
into the power inlet, and when removing the connector tip 1006 from the power inlet.

1001 6] In certain emboduments, the charger assembly 100 may be used for
charging an electnic vehicle or a bybnid-electric vehucle. The electric velucle may mclude an
electric powertrain {not shown} tor propeliing the vehicle over a ground surtace. The electric
vehicle may include an energy storage device (not shown) for supplying energy to electric
powertram for propelling the electric velucle. The energy storage device may be a collection
of one or more battery cells. In some embodiments, the energy storage device may be any
other energy storage means which may be suitable tor application with various aspects of the
present disclosure. The electric vehicle may include a charging inlet configured to receive the
connector tip 106 mm an nlet or receptacle tor charging the energy storage device. The
charging inlet may be mternally connected to an energy storage device such that electrical
energy may be supplied through the charging mnlet to the energy storage device. In some
emboduments, the charging let may mieriock with the connector tip 106 such that the cable
102 may be secured without support from a person.

{EE 7 The cable 102 may mclude a cooling condwit 110, The cooling condut
110 may serve to convey a tlwnd {e.g., a coolant) along the tength of the conductor 104 so as
to remove some or all of the heat generated by the flow of electrical energy within the

conductor 104, Examples of such fluids or other heat transfer mediums may include, but are

A
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not limtted to, water, air, oil, phase-changing matenals, and other chemicals. For example, a
non~degrading fluid can be chosen that has sufficient heat capacity to cool the conductor 104,
The material for the cooling conduit 110 may be chosen based on ifs thermal conductivity,
tHlexibility, and durabiity.

HIIES in some embodiments, the cooling conduwit 110 may begin at the first end
of the cable 102 at or near the power supply, and double back at or near the connector tip 106
to return to the tirst end of the cable 102, In such embodiments, the cooling conduit 110 may
be a single tube such that the fhud travels along the same path m both directions. The thud
may be pumped from the first end of the cable 102 toward the connector tip 106, stored n an
internal receptable at or near the connector tip 106 untd all the fiuid 15 in the receptable, then
pumped back from the connector tip 106 toward the first end of the cable 102, In other
embodiments, the cosing condwit 110 may have a U-~turn at or near the connecior tip 100 to
reverse the flow direction of the fluid. With this and simiar implementations, the cooling
conduit 110 can provide continuous, circulating cooling along essentially the entire length of
the cable 102 and within the connector tip 106, As such, the thnd can be returned to a system
that provides the tluid, such as a reservowr of a cooling system. The path of the fhuid may thus
be circular, flowing on one side of the cable 102 toward the connector tip 106 and tlowing on
a ditterent side of the cable 102 toward the reservoir. In certain embodiments, the U-turn can
occur putside of the connector tip 106, For example, in an implementation where the fhnd 1s
fed into an eleciric vehicle during charging so as to provide cooling during the charging
operation, the tluid can come out of the vehicle through the same connector fip 106 via the
{U-turn. In other implementations, a one-way flow of the fiuid can be provided. For exampie,
the connector tip 106 that attaches to the charging nlet of the eleciric vehicle {or other
equipruent} can also have a fluid mmlet that 18 coupled to a flud reservoir of the vehicle. As
such, this arrangement may be used o replenish fiuid in the fiuid reservoir of the vehicle. In
other embodiments, the thud may tlow trom the cable 102 into the vehicle, and then return
back from the vehicle to the beginning of the cable.

1001 9] Fi(G. 2 schematically illustrates a leak detection system of a cable
assembly 200, according to certain embodiments of the present disclosure. The cable
assembly 200 may mclude a cable 202 having a cooling conduit 204 {(shown m ¢ross

section). The cable 202 may be covered by a shield 206 whach 15 connected to ground. The
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cable assembly 200 may mclude an electronic leak detection module 208 that 1s programmed
and contigured to detect a leak of the fluid from the cooling conduit 204, The leak detection
module 208 may monitor changes in one or more electrical properties of the fluid circulating
i the cooling conduit 204 to detect the leak. For example, changes m fluid electrical
properiies may occur il the leaked Huid comes mio contact with a low voltage source {e g,
aground conductor or the shield 206} or a high voltage source {e.g., high voltage conductor).
00201 With continued reference to FIG. 2, the leak detection module 208 may
mclude a power source 210 that generates an mput voltage signal 1o be applied to the fud.
in some embodiments, the power source 210 may generate an alternating current {AC)
voltage signal that alternates between a maximum voltage {(Vcee) and a munimum voltage
{Vss). In other embodiments, the power source 210 may generate a direct current (D}
voitage signal of a predetined voltage. The mput voltage signal may be applied to the flud
through a resistance R as shown m FIG. 2. In some emnbodiments, resistance R1 may be an
impedance from a resistor. In other embodiments, resistance K1 may be an impedance from
other electrical components. For monitoring the electrical properties of the fluid, one or more
monitor nodes 212, 214 may be defined at predeternuned locations within the cooling
conduit 204. The one or more monitor nodes 212, 214 may be in contact with the fluid and
polarize the fluid when the mput voltage signal 15 applied to the nodes 212, 214, Use of two
nodes, as opposed to only a single momitoring node, may improve redundancy and provide
greater contact 1o polarize the fluid. However, it should be realized that only one node may
be used within the scope of the present invention, and that two nodes are not required to
monitor the electrical properties ot the fluid. Locations of the monitor nodes 212, 214 may be
selected so as to create an optimal geometry for montoring the electrical properties of the

fluid while muumizing the distance between the nodes 212, 214, In some embodiments, only

one of the monitor nodes 212, 214 may be used to polarize the fluid and monitor the
electrical properties of the flud.

021 A test node 216 {(shown 1o FIG. 2) may be provided in some embodiments
to simulate a leak of the thnid via a resistance K2, In some embodiments, resistance K2 may
be an impedance from a resistor. In other embodiments, resistance RZ may be an impedance

from other electrical components. The resistance K2 may be connected to one or more

switches 218, 220 that allow the resistance R2 to alternate connection between the leak

G-
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detection module 208 and ground As detailed heremn, changing the resistance RZ
connections may cause the leak detection module 203 o aliernate between a seif-check mode
and a normal operation mode.

100221 Referrmmg to FIG 2, the leak detection module 208 may mclude a butfer
222 connected with the momtor nodes 212, 214 and ground. The butter 222 may momitor the
cutput voltage signal at the nodes 212, 214. The unpedance of the fluid mayv act as a voltage
divider between the power source 210 and ground.

0231 The leak detection module 208 may mclude a controller 224 to detect a
leak of the fluid from the cooling conduit 204. The controlier 224 may receive the mnput
voltage signal from the power source 210. Further, the controller 224 may receive the output
voltage signal from the buffer 222 In some embodiments, the bulfer 222 may be
implemented within the controller 224, The controller 224 may determine a voltage
assoctated with the oufput voltage signal, such as a peak-to-peak outpui voltage or a
maximum output voltage, To detect the leak, the controller 224 may monitor decay of the
output voltage, the peak-to~peak output voltage, or the maximur output voltage of the output
voltage signal In some embodiments, the controller 224 may repeatedly compute changes n
the amplitude of the ocutput voltage signal by computing a difterence between the amplitudes
measured after a {ixed time interval {e.g., 5 seconds}). The controller 224 may identify a leak
when the measured amplitude {e.g., peak-to-peak output voltage or the maxymum output
voltage) drops by more than a predetermined threshold voltage drop. In one embodiment, the
threshold value may be chosen sufticiently high such that small variations in the peak-to-
peak voltage or the maximum voltage are not detected as a teak of the fhad.

100241 The controller 224 may generate an mndication of the leak for a user or an
operator of the cable assembiy 200, The mdication may be a visual indication, an audio
mdication, or a tachile mdwication. Upon recerving the mdication, the user may stop the
transter of electrical power through the cable assembly 200 to avoid any faults and mmumize
the associated risks. In some embodiments, the controller 224 may automatically take an
action {e.2., stop the charging of the electric vehicle) upon detecting the leak.

002 5] in some embodiments, the leak detection module 208 may operate in one
ot a self-check mode and a normal operation mode. As shown n FIG 2, switches 21§, 220

may be provided to switch between the self-check mode and the normal operation mode by
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changing the connections of the resistance RZ. In the self-check mode of operation, the
controller 224 may open the switch 218 connecting the resistance R2 to the leak detection
module 208 and close the switch 220 connecting the resistance RZ to oround. Thus, the test
node 216 may be connected to ground via the resistance K2 to ssmulate a leak that causes the
fluid to come into contact with the shield 206, Speaifically, the resistance RZ may be mn
serigs with the wopedance of the tlud, resulting 1n mmcreased impedance perceived by the
butter 222. Due to the increased impedance, the amplitude of the output voltage signal may
decrease as compared to the amplitude in the normal operation mode. In another
embodiment, the system may pertorm a self-check by closing both swiiches 218, 220, In ths
ermbodiment, the mput of the buffer may be connected to ground and may allow the system
to validate that the switches 218, 220 are functioning properly.

0026] in the normal operation mode, the controller 224 may close the switch 213
connecting the resistance R2 to the leak detection module 208 and open the switch 220
connecting the resistance K2 to ground. In the normal operation mode, and when there 15 no
leak of the thwid, the resistance R2 may be connected in parallel with the impedance of the
fluid and no substantial change in the impedance may be perceived by the butter 222. Thus,
the peak-to-peak voltage or the maximum voltage associated with the output voltage signal
may maintain a substantially constant level The test node 216 may be removed from the
cable assembly 200 by opering both switches 218, 220

00271 Fi(y 3 iHustrates the voltage signal waveforms in an example embodiment
ot the present disclosure. Wavelform 302 depicts the mput voltage signal generated by the
power source 210, The wavetorm 302 may alternate between a maximum voltage (Vo) and
a minimum voltage (Vss), Waveform 304 shows the output voltage signal at the monitor
nodes 212, 214 n the normal operation mode of the leak detection module 208 when there 1s
no leak of the fluid. Wavetorm 3006 shows the output voltage signal at the monitor nodes 2172,
214 1u the case of a leak. As described herein, the amplitude of the output voltage n a leak
scenario may be smaller than the amphitude of the output voltage i a non-leak scenario. The
leak detection module 208 may identifv a leak when the measured amplitude drops by more
than a predetermined threshold voltage drop. The threshold value may be chosen sufficiently
high such that small variations n the peak-to-peak voltage are not detected as a leak of the

flud
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0028 FIG. 4 sHustrates an example cross-sectional view of a cable assembly 400
showing multiple sets of conductors 402, 404 and the cooling conduit 110 according to
certain embodiments of the present disclosure. The cable assembly 400 may include high
voitage conductors 402, tow voltage conductors 404, and the cooling conduit 110, mswde a
shueld 206.

{291 The high voltage conductors 402 and the low voltage conductors 404 can
have one or more msulating matenials surrounding the outside of each to provide electric
msulation. The cooling conduit 110 may have one or more channels mside to allow the fluid
to tlow i at least one direction. Generally, the cooling provided by the cooling conduit 110
may allow the cable 102 to be made with a smaller diameter of the outer jacket 406 than
otherwise. Further, the cable assembly 400 may contain ground conductors 408 and one or
more additional members, such as signal cables and/or filler material. The cable components
are shown with a certain separation from each other for clarity, with the understanding that
the components could completely #ill the interior of the outer jacket 406 in some
implementations.

00301 As shown i FIG 4, the cooling conduit 110 may be placed close to the
conductors 402, 404. Accordingly, the cooling condust 110 may provide cooling to each of
the conductors 402, 404,

00311 1. 5 shows an exampie of the leak detection module 208 resident within
the connector 500, The leak detection module 208 may include a Printed Circust Board
Assembly (PCBA} 302 that 1s thermally coupled to the high voltage socket 308 In certam
embodiments, the PCBA 302 15 a two-part structure. A first part 304 of the PCBA may be
coupled to the high voltage socket 308 such that the first part 304 of the PUBA sifs on top of
electrical sockets of the high voltage socket S08. A second part 506 of the PCBA may be
connected to the first part 504 of the PCBA through a ngmd-flex PCB construction, or other
sirptlar nterconnects. The second part 506 of the PCBA may bhouse awxiliary components,
such as, but not hmted to, thermistors for temperature sensing apphications. The two-part
structure of the PUBA 302 allows for more etticient routing of electrical wires to each high
voltage socket 308 The PCBA 502 may include the various components of the leak detection
madule 208, such as the power source 210, the buffer 2272, and the controllier 224, In certain

embodiments, the PCBA 502 may iclude one or more temperature sensors {not shown} for

0.
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collecting temperature data associated with the cable assembly 200, In some embodiments,
wings 310 may be present around the mamtold. The wings 510 may be made of a conductive
material and serve as increased ground connection area 1o detect leaks. The wings 510 may
be part of the PCBA 502 but need not be. The location of the wings 510 may be selected
based at least i part on where coolant 18 most likely to leak {rom or pool in a taulty charger
assembly.

00321 The toregoing disclosure 1s not intended to limit the present disclosure to
the precise forms or particular fields of use disclosed. As such, 1t 1s contemplated that various
aliernate embodiments and/or modifications 1o the present disclosure, whether exphicitly
described or implied herein, are possible in light of the disclosure. Having thus described
embodiments of the present disclosure, a person of ordinary skill in the art will recognize that
changes may be made in form and detail without departing from the scope of the present
disclosure. Thus, the present disclosure 1s himited only by the claims.

{033 In the foregoing specification, the disclosure has been described with
reference {0 specific embodiments. However, as one skilled in the art will appreciate, various
embodiments disclosed heremn can be moditied or otherwise mmplemented in varnous other
ways without departing from the spirit and scope of the disclosure. Accordingly, this
description is to be considered as illustrative and 18 for the purpose of teaching those skilled
n the art the manner of making and using various embodiments of the disclosed cable
assembly. If 15 to be understood that the forms of disclosure herein shown and described are
to be taken as representative embodiments. Equivalent elements, materials, processes or steps
may be substituted {or those representatively llustrated and described heremn. Moreover,
certain features of the disclosure may be utilized independently of the use of other features,
all as would be apparent to one skilled 1n the art after having the benefit of thus description of
the disclosure. Expressions such as “mcluding”, “comprising |, “mcorporating’, “consisting
of”, “have”, 187 used to describe and claim the present disclosure are mtended {0 be
construed n a non-exclusive manner, narnely allowing for wems, components or elements
not explicitly described also to be present. Keference to the singular 1s also to be construed {o
refate to the plural.

34034 Further, varnous embodiments disclosed heremn are {o be taken in the

itlustrative and explanatory sense, and should in no way be construed as limiting of the

-10-
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present disclosure. All joinder references {e.g., attached, attixed, coupled, connected, and the
ike} are only used to aid the reader's understanding of the present disclosure, and may not
create lumitations, particularly as to the position, orientation, or use of the systems and/or
methods disclosed herein. Therefore, joinder references, if any, are to be construed broadly.
Moreover, such jomder references do not necessarily mfer that two elements are directly
connected 1o each other.

00351 Additionally, all numerical terms, such as, but not hmted to, “first”,

3 4

“second”, “thurd”, “primary”, “secondary”, “mam’ or any other ordinary and/or numerical
terms, should also be taken only as wdentifiers, to assist the reader’s understanding of the
various elements, embodiments, varations and/ or modifications of the present disclosure,
and may not create any himtations, particularly as to the order, or preference, of any element,
embodiment, vanation and/or modification relative 10, or over, another element,
embodiment, vanation and/or modification.

{0361 it will also be appreciated that one or more of the elemenis depicted n the
drawings/figures can also be implemented in a more separated or mtegrated manner, or even
removed or rendered as moperable mn cerfain cases, as 1s usetul in accordance with a

particular apphication. Additionally, any signal hatches in the drawmgs/figures should be

considered only as exemplary, and not limiting, unless otherwise specifically specified.
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WHAT IS CLAIMED IS:
i A cable assembly comprising:

a cable having a first end and a second end, the cable comprising an electric
conductor and a cooling conduit, each of which extends trom the first end to the
second end, wherein the cooling condwit 13 adapted o convey a fhnd that cools the
electric conductor; and

a leak detection module coupled o the cable, the leak detection module
COMPrising:

a power source to generate an mput voltage signal wheremn the mput
voltage signal 15 applied at a first node 1in contact with the fluid; and

a controiler contigured to monutor an output voltage signal at the first
node and to detect a leak of the fluid from the cooling condunt based on the

output voltage signal.

2. The cable assembly of claim 1, wherein the fluid 1s electrically conductive.
3. The cable assembly of claim 1, wherein the cooling condutt 1s configured to

convey the fluid from the first end to the second end, and thereafier from the second end to

the tirst end.

4. The cable assembly of clawm 1, wheremn the mput voltage signal 15 an

alternating current { AC) voltage signal.

3. The cable assembly of claim 1, wherein the mput voltage signal s further

applied at a second node 1 contact with the ftuid.
5. The cable assembly of claim 1, wherein the controller detects the leak of the

fluid when a peak-to-peak voltage of the output voltage signal drops more than a

predetermined threshold voltage drop value.
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7
.

The cable assembly of claim 1, wherein the controller detects the leak of the
fluid when a maximum voltage of the output voliage signal drops more than a predetermined

thresholid maximum voltage value

8. The cable assembly of claim 1, wheremn the controlier further provides, spon
detecting the leak of the flud, at least one of a visual indwcation, an audio imdication, or a

tactile indication.

3. The cable assembly of claim 1 turther compnising a connector attached to the
second end of the cable, wherein the cooling conduit forms a flud channel around an interior
of a handle of the connector.

F0. The cable assembly of claim 1, wheremn the cable assembly 15 used for

charging an electric vehicle from a power supply.

i1 The cable assembly of claim 10, wherein the controller, upon detecting the

leak of the ttuid, automaticaily stops charging of the electric vehicle,

12 A cable assembly comprising:

a cable having a first end and a second end, the cable compnising an electrnic
conductor and a cooling condui, each of which extends from the first end fo the
second end, wherein the cooling conduit is adapied to convey a fluid that cools the
electric conductor; and

a connector attached to the second end of the cable, wheremn the cooling
condutt forms a flud channel around an woterior of a bandle of the connector and 15
adapted to cool the connector; and

a leak detection module coupled to the cable and the connector, the leak
detection module compnising:

a power source to generate an mput voltage signal wherein the mnput

voltage signal 15 applied at a first node 1in contact with the fluid; and
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a controller conhigured to monttor an cutput voltage signal at the first
node and to detect a leak of the flwid from the cooling conduit based on the

output voltage signal.

13 The cable assembly of claim 12, wheremnt the cable assembly 1s used for

charging an electric vehicle from a power supply.

i4 The cable assembly of claum 13, wherein the controller, upon detecting the

leak of the thud, automatically stops charging of the eleciric vehicle

i5 The cable assembly of claim 12, further comprising switches connected o a
second node, wherein the second node 18 1n contact with the {luid and wherein the switches

are contigurable to sitmulate the leak of the fluid.

0. The cable assembly of claim 12, wherein the flud 1s electrically conductive.

17 The cable assembly of clamn 12, wherein the cooling conduit 15 configured {o
convey the fluid from the first end to the second end, and thereafier from the second end to

the first end.

iR The cable assembly of claim 12, wherein the controller further provides, upon
detecting the leak of the tlud, at least one of: a visual mdication, an audio mdication, or a

tactile indication.

io The cable assembly of claim 12, wherein the controller detects the leak of the
thnd when a peak-to-peak voltage of the output veliage signal drops more than a

predeternuned threshold voltage drop value

20, The cable assembly of claim 12, wherein the controller detects the leak of the
thnd when a maxamum voltage of the output voltage signal drops more than a predetermined

threshold maximum voltage value.
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