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IDENTIFYING INSTALLATION OF QUALIFIED FILTER ELEMENTS

CROSS-REFERENCE TORELATED APPLICATION
{8001} The present apphication claims the benefit of and priotity to US. Provisional
Patent Application Serial No. 61/640,420, filed Apnil 30, 2012, wiich 1 incorporated herein by

reference in entirety.

FIELD
10002} The present disclosure relates fo fillers, and more particularly to filters,

assemblies, systems and methods for identifving installation of qualified filter elements.

BACKGROUND

{0003} LLS. Patent No. 6,533.926, which 1s incorporated hergin by reference in entirety,
discloses a replaceable hlter cartridge that includes an end plate having a data component
electrically coupled to a palr of conceatrie circutt rings. The data component may include a
seasor, data chip, or resistor and s configured to provide filtration mformation to 4 remote
station when the filter cartridge is positioned within the housing of a filtration assembly such that
the circuit rings connect with electrical contacts in the housing.

10004} US. Patent No. 6,537 444, which s mncorporated herem by reference in entirety,
discloses a replaceable filter cartridge that includes a filter element and an end plate bonded to an
end thereof. The end plate inclodes at feast two electrical contacts and a key way that includes a
relief section. Upon proper installation of the filter cartridge into the housing of a filter assembly,
a key attached to a centerpost of the housing is recetved in the rehefl section of the end plate and
the elecirical contacts thereof make contact with corresponding electrical contacts in the housing
causing a data component to be energized. The data component may include a sensor, data chip,
or resistor assembied to an exposed sarface of the endplate.

0005} LLS. Patent No. 7,615,151 and 7 850,845, which are incorporated herein by
reference in entirety, disclose filters with mstallation integrity that permit faid flow only tn a first
instaliation condition and not in a second undesired or mus-installation condition, including
improper alignment or mounting of a filter clement in a housing, an incorrect replacement filter

element, absence of a filter element, and an incorrect housing cover. A magnetically actuated valve
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has a piston controlling uid flow according to installation condition.

{6006} U8, Patent Application No. 13/092 310, which 15 incorporated herein by
reference in entirety, discloses a water sensor for a fuel filtration apparatus that includes a main
body with at least one electrical contact disposed proximate the first end of the mamn body, The
electrical contact{s) is operatively connectable to an electrome control unit. Multiple sensor contacts
are disposed proximate a second end of the main body. The sensor contacts are configured to detect
multiple water levels and provide an output on each water level detected. The electrical contact 1s
configured to send the output to an electronic control unit. The water level information provided by
the water sensor can be tracked by a control device to deternune 1f the il rate of water meets an
alarm value.

{6007} USSR, Patert Application No. 617355401, which s tacorporated herein by
reference in entirety, discloses a run-safe filter system for confirnmmg installation of a qualified filter
glement in a housing, An electrical switch has a first electrical condition in response to 8 qualified
filter element being mstalled i the bousing, and a second electneal condition i response to the

absence of a qualified filter element installed in the housing.

SUMMARY

6008] This Summary 1s provided to mtroduce a selection of concepts that are further
desciibed herein below m the Detailed Description. This Summary is not intended to identify key
or essential features of the clanmed subject matier, nor s it intended © be used as an aid in Hmiting
the scope of the claimed subject matter.

0009} In some examples, filter assemblies comprise a qualified filter element that
fiters fuel, a filler housing for the qualified filter element, and & water-m-fuel sensor that senses
presence of water in the filter housing. The assemblies are configured such that an electrical
resistance of the water-in-fuel sensor changes based upon whether the qualified filter element 13
installed in the housing.

jo018] In other examples, filter svstems comprise a qualified filier element that filters
fuel, a filter housing for the qualified filter element, a water-in-fuel sensor that senses presence of
water in the filter housing, and a control cireuit that determines whether there 1s water in the filter
housing based upon an electrical resistance of the water-in-fuel sensor.  The control circuit is

electrically connected to the water-in-fuel sensor and determines whether the qualified filter element

]
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1s installed in the housing based wpon the electrical resistance of the water-in-fuel sensor.

[0011} In further examples, methods are for wdentifving a qualified filter element in a
filter assembly having a filter housing. The methods comprise: providing a water-in-fuel sensor
having an electrical circuit comprising a first poriion located with the housing and a second portion
located with the qualified filter element, inserting the qualified filter element into the filter housing,
sensing with a control circuit a change in electrical resistance of the water-in-fuel sensor, and
mdicating that the guahified filter element is installed m the filter housing based on the change i
electrical resistance.

jae12] In further examples, filter assemblies comprise a filter housing, a qualified
filter element, and a plurality of magnetic elements on at least one of the filter housing and the
gqualified filter element, Each magnet in the plurality of magnetic elements has a magnetic field.
A plurality of wires is disposed on at least the other of the filter housing and the qualified filter
element. A countrol circuit is electrically coupled to the plurality of wires and detects an
electrical corrent in the plorality of wires. When the qualified filier element 15 mstalled 1o the
filter housing, the plurality of wires cuts the magnetic field of at least one of the plurality of
magnetic clements and thereby changes the electrical corrent in the plurality of wires. The
control circuit determines that the qualified filter element is installed in the filter housimg based
on a change n the electrical current in the plurality of wires.

[8013] In further examples, methods are for wdentifving a qualified filter element ina
filter assenmbly having g filier bousing. The methods comprise: providing a plurality of magnetic
clements on at least one of the qualified filter element and the filter housing, the phuality of
magaetic elements comprising a magnetic field; providing a plurality of wires on at least the
other of the qualified Alter element and the filter housing; installing the qualified filter element
mto the filter housing, sensing with a control circuit an electrical current along the plurality of
wires; and identifying with the control circuit that the qualified filter element is nstalled i the

filter housing when the elecirical current across the wires changes.

BRIEF DESCRIPTION OF THE DRAWINGS
j0014] Examples of filters, assemblies, svstems and methods for wdentifying mstallation
of qualified filter elements in 8 filter howsing are described with reference to the following

figpures.  Like numbers are used throughout the figures to reference sinular features and

fad
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components.

{0015] FIGURE 1 depicts a filter system for filtering fuel.

1001 6} FIGURE 2 i3 a partial view of a filter assembly shown FIGURE 1, showing a
water-1-fuel sensor,

[8617] FIGURE 3A is another example of a water-in-fuel sensor for the filter assembly.

[0018] FIGURE 3B s another example of a water-in-fuel sensor for the filter assembly.

10019 FIGURE 4 is another example of a water-n-fuel sensor for the filter assembly.

10020] FIGURES SA-5B are examples of an end cap on a filter housing of the
assembly.

[0021] FIGURES 6A-08 are further examples of an end cap on a filter housing of the
assembly,

0022} FIGURES 7A-7TD are examples of water-in-fuel sensors and end cap
combinations.

j6023] FIGURES BA-8B are forther examples of water-in-fuel sensors and end cap
combinations.

10024} FIGURES 9A-9F are examples of locking arrangements for water-in-fuel
sensors and end cap combinations.

j0025] FIGURES 10A-10B are examples of mechanical locks for locking first or
second portions of the electrical circuit with respect to each other.

{0026} FIGURES 11A~HID are examples of filter assemblies having a plurality of
magnetic elements, a plurality of wires, and a control cirawt that is electrically coupled to the

wires and monitors a current in the wires,

DETAILED DESCRIPTION
10027] it the present Detaled Description, certain terms have been used for brevity,
clearness and understanding. No unnecessary limitations are to be inferred therefrom bevond the
reguirement of the prior art because such terms are used for descriptive purposes ondy and are
mnterdded © be broadly construed.  The different filters, assemblies, systems and methods described
herein may be used alone or in combination with other filters, assembliss, systems and methods.
Various equivalents, alternatives, and modifications are possible within the scope of the appended

claims.



WO 2013/165778 PCT/US2013/037972

{0028} FIGURE 1 depicts a filter system 20 for filtening fuel. The filer system 20
mcludes a filter assembly 22 having a replaceable, gquahified filter element 24 that is contamed in a
reusable filter housing 26. The shapes and configurations of the qualified filter element 24 and filter
housing 26 are merely exemplary can widely vary from that which is shown and deseribed. That 1s,
the concepts of the present disclosure can be applied to a wide variety of filtration systems and
assemblies. In the particular example shown, the qualified filter element 24 is a cvlindrical cartridge
that 13 mstalled into a correspondingly cylindvical reasable filter housing 26, The qualified filter
element 24 has top and bottom end caps 28, 30 and a pleated filter media 32 i3 disposed
therebetween. The filter housing 26 has a base receptacie 34 with a lower end wall 36 and upwardly
extending circumferential sidewalls 38, The lower end wall 3¢ and upwardly extending
cucumierential sidewalls 38 together define a cavity 37 for receiving and housing the qualified filter
element 24. A cover 40 is removably connectable to the top of the circumferential sidewalls 38 via
a threaded connection 42, Attachment of the cover 40 closes the cavity 37 and secures the qualified
filter element 24 in place. In this example, the base receptacle 34 also has a centerpost 44 that
extends inte an mner circumferential aperture 43 i the qualified filter element 24, In some
examples, an apper end {(not shown) of the centerpost 44 can connect to or abut a lower surface (not
shown} of the top end cap 28, as 15 conventional.  As 13 conventional, fuel that flows through the
filter assembly 22 flows through the filter media 32 for filtering impunities therefrom.

{0029} Referring to FIGURES 1 and 2, the filter assembly 22 also includes a unique
water-in-fael (hereinatter “WIF™) sensor 46 that is configured 1o sense & presence of water in the
filter housimg 26, Water that occurs m fuel filter housings can adversely affect performance of the
filter assembly and therefore it is desired to diagnose a water condition m fuel filter housings as
soon as it ocears. In this example, the WIF sensor 46 1s configured to advantageously detect when a
certain level of water accumulates at the bottom of the base receptacle 34 so that an operator can be
alerted to the situation and take corrective action. The basic fanctionality of a WIF sensor 15 well
known by those having ordinary skill in the art.  Examples of conventional WIF sensors are
provided in the appheant’s US. Patent Application Pubhication No. 2011/0259802, which is
mcorporated herein by reference. WIF sensors operate based upon the principle that fuel bas a very
low conductivity, and for all practical purposes, can be considered an electrical msulator. Water, on
the other hand, i3 relatively conductive due to the impurities in the water. Conventional WIF

sensors have an electrical aircuit {hereinafter a “WIF circuit™) that receives an electrical current.
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The WIF circuit provides a resistance to the electrical current. The amount of resistance will vary
depending wpon whether a portion of the sensor 15 disposed i water or fuel. Based on these
principles, WIF sensors allow an operator can readily diagnose whether there is water in the fuel by
monttoring the level of resistance i the sensor,

[6030} The unique WIF sensor 46 shown i FIGURES 1 and 2 differs from
conventional WIF sensors in that #t includes an electrical circnit (heremafier “WIF circuit™) 48
having a first portion 49 that 1§ located with the filter housing 26 and a second portion 51 that 1s
located with the quahfied filter element 24, The discrete first and second portions 49, 51 are
oriented such that proper mstallation of the qualified filter element 24 i the filter hounsing 26
electrically connects the first and second portions 49, 51 and thereby provides a more complete WIF
cucuit 48 of the WIF sensor 46 and modifies the electrical resistance of the first portion 48, As wall
be explamed further herem below, separating the WIF sensor 46 mto discrete portions that
respectively are disposed on the qualified filter element 24 and on the filter housing 26 provides
mmproved filter systems 20, filter assemblies 22 and methods of use that readily allow an operator to
identify whether or not ¢ filter element that s installed into the filter housing 26 15 a qualified filter
element 24, as opposed to a counterfeit or any other non-conforming filter element. Installation ot a
qualified filter clement 24 actively, electrically connects the first and second portions, 49, 51,
thereby changing the resistance of the WIF circuit 48, and thereby mdicating that the qualified filter
element 24 has been mstalled. The exact nature and configuration of the noted first and second
portions 49, 51 can vary from that which is shown in FIGURES 1 and 2, as 15 evident from the
examples discussed herein below with reference to the remamning Figares. Also the WIF sensor 46
does not need to be located at the bottom of the base receptacle 34 and depending upon the
ontentation. of the filter housing 26 and flwid flow therethrough, the WIF sensor 46 can mstead be
located to diagnose water conditions at other locations in the filter housimg 26.

10031} In the particular example shown in FIGURES 1 and 2, the first portion 49 of the
WIF cirouit 48 inchudes first and second electrical comtacts, which in this example are elongated
metal pins 60, 62 that extend through a body 66 of the WIF sensor 46, Other amounts and types of
electrical contacts can also or mstead be emploved, and can also include plug holes and/or the like.
in this example, the WIF sensor 46 1s installed in the lower end wall 36 and both of the first and
second pins 60, 62 have first ends 68 that extend into the base receptacle 34 and second ends 70 that

extend out of the base receptacle 34, The first ends 68 are for sensing whether there is water in the
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filter housing 26 and the second ends 70 are for comnecting 10 a control circuit 50, as will be
described further herein below. The second portion 51 of the WIF circuit 48 is located with the
qualified filter element 24 and includes conductive material 23 that electrically connects the first
ends 68 of the ping 60, 62 together when the qualitied filter element 24 is properly mstalled i the
filter housing 26. In this example, the conductive material 23 s located on the bottom end cap 30 of
the qualified filer element 24; however the conductive matenal 23 does not have to be located at
the bottors end cap 30 and instead could be located elsewhere on the gualified filter element 24
any location where conductive material 23 effectively electrically connects the first ends 68 of the
first and second ping 60, 62 when the qualified filter element 24 15 installed in the housing. In this
example, the conductive material 23 includes anv conductive metal; however the natwe and
configuration of the conductive matenial 23 can widely vary and different configurations of the
conductive material 23 are further described herein below with reference to FIGURES 3-8,

j0032] Referring to FIGURE 1, the filter system 20 also includes a control cireuit 50
that is electrically connected to the WIF sensor 46 by electrical hinks 52, 54 extending between the
control cireuit 5O and the second ends 70 of the first and second pins 60, 62, The control circutt 50
incledes a programmable processor 36 and a memory 38, As is conventional, the programmable
processor 36 can be communicatively connected to a computer readable medium that mcludes
volatile or nonvolatile memory upon which computer readable medium is stored.  The
programmable processor 56 can access the computer readable medium and upon executing the
computer readable code carries out the functions as described herein. The controf circuit 50 can be
any suitable control device for interpreting information detected by the WIF sensor 46 and can be,
but s not limited to an engine contrel module (ECM), a controller, a fluid management control
module, or any suitable data/information processing device, which may employ one or more
software routings, as appropriate.  In this example, the control circuit 50 is powered by any
conventional power sonrce, such as for example one or more batteries 63, Through the electrical
links 52, 54, the control circuit 30 is configured to supply an electrical current to one of the first and
second pins 60, 62 extending through the WIF sensor 46 and to receive electrical current from the
other of the fust and second pins 60, 62. However the control circuit 30 does not have to supply
electrical current to the pins 60, 62; rather the noted electrical current could be directly provided to
the WIF sensor 46 by any other power source such a battery. Through the glectrical links 32, 54,

the control circuit 30 is electrically connected to the WIF senser 46 such that changes in electrical

-1
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resistances of the WIF sensor 46 are sensad by the control circuit 50 As desenibed further herein
betow, based upon such changes of electrical resistance, the control circoit 30 is programmed to
identify both whether there is water in the noted fuel and also whether there is a qualified filter
element 24 mstalled m the filter housing 26.

~y
;
’

6033} The flter system 20 optionally can mclude an outpur device 37 having
warning lights 59, 61 and/or other conventional means for alerting an operator as 1o whether
there 13 water in the hlter housing 26 and whether there 15 a qualified hilter element 24 mnstalled
1 the filter housing 26. The control circust 50 1s electrically connected to the output device 57
via a wired or wireless conwnunication link 33 across which electronic signals can be sent by the
contrel circuit 50 and received by the output device 57, The control circuit 50 is programmed to
control output device 57 to light the wamning lights §9, 61 when the control circuit 30 detenmines
that there is water n the filter housing 26 and when the control cirenit 50 deternuines that there is

=
IJ

a qualified filter element 24 in the filter housing, respectively. The type of output device 57 can
ary from that shown and described, and can for example include any conventional ocutput means
for conununicating information to an operator, such as video screens, LED Hgly displays, audio
speakers, andfor the like.

j0034] In the example shown in FIGURES 1 and 2, the body 66 of the WIF sensor 46 is
connected to the lower end wall 36 via a threaded connection 64, Thus the WIF sensor 46 15
wmstalled by rotating one of the WIF sensor 46 and filter housing 26 with vespect to the other.
However the thresded connection 64 is just one of many examples of possible permanent or
temporary connections between the WIF sensor 46 and the lower end wall 36, In another example
shown in FIGURE 3B, the body 66 of the WIF sensor 46 can be permanently molded as a part of
the lower end wall 36, such that the WIF sensor 46 15 part of the filter housing 26. While the type of
connection of the WIF sensor 46 1o the filter housing 26 is not critical and can vary from that shown
and described, the type of connection does mpact the manner i which the conductive matenal 23
of the second portion 51 and pins 60, 62 of the first portion 49 are effectively aligned when the
qualified filter element 24 is installed 10 the filter housing 26, This will be discussed further herein
below with reference to FIGURES 9A-9F,

[6035] Referring to FIGURES 1 and 2, in use, when there is no water present in the
filter housing 26 and when the qualified filter element 24 is not installed in the filter housing 26, an

ppen circuit across the pins 60, 62 will be detected by the control circuit 50, That is, electrical
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current that is applied to the WIF circuit 48 will not completely flow through pins 60, 62 and back
to the control civcuit 50 because the pins 60, 62 are not elecincally connected to each other. When
such an open circuit is detected, the control circuit 50 is programmed to control the output device 37
to indicate that there 18 no water 1o the filter housing 26 and that the quahified filter element 24 15 not
mstalted i the filter housing 26, If there i3 waler inside the filter housing 26 that rises 1o a level
such that both ends 68 of first and second pins 60, 62 are submerged in the water, g relatively low
resistance across the pins 60, 62 will be detected by the control circut 50 because of the relatively
high conductivity of the water. That is, the water electrically connects the ends 68 of the first and
second pins 60, 62 and it also provides a low level of resistance to current flow. The controf circuit
50 s programmed to monitor the total resistance across the pins 60, 62 and to compare this
resistance with one or more resistance values stored i the memory 58, The resistance valoes can
for example be stored in the memory in the form of a lookup table or other hist that corresponds
known resistance values 1o conditions of the WIF sensor 46, The menory 58 has a stored resistance
atue that corresponds to a sttuation where the ends 68 of the pins 60, 62 are submerged in water,
When a resistance in the WIF circuit 48 15 idennified by the control circust SO that corresponds to
this stored resistance value, the control cirocut S0 s programmed to communicate with and control
the output device 537 wia the communication link 53 to indicate that there is water in the filter
housing 26.

6036} Stmilarly, the resistance of the WIF sensor 46 will also change when the
qualified filter element 24 1s mstalled in the filter housing 26 sach that the ends 68 of the first and
second pins 60, 62 are connected by the conductive matertal 23, Blectnic cavent from the control
circuit SO will flow across the first and second pins 60, 62 via the conductive material 23, The
condactive matenal 23 will provide a certain resistance to the flow of current across the pins 60, 62.
The control cirenit 50 1s programmed to monitor the resistance across the pins 60, 62 and to
compare this resistance with one or more resistance valoes stored i the memory 58, In one
example, when the control circult 50 identifies any current flow across the pins 60, 62 whatsoever,

-
i
i

the countrol circuit 50 is programmed to control the cutput device 57 to mdicate that the qualified
filter lenent 24 13 installed in the filter housing 26 or that there 1s water in the filter housing 26, In
another example, the memory 58 has a stored resistance value in a lookup table or other hist that
corresponds to the condition where the qualified filter element 24 is installed in the filter housing

26. When a resistance in the WIF sensor 48 is identified by the control cireuit 50 that correspends

9
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to this stored resistance value, the control circuit 50 is programmed to control the output device 57
to indicate that the guahfied hilter element 24 15 installed in the filter housing 26.

j0037]  As discussed herein above, the configuation of the WIF circuit 48 can vary.
FIGURE 3A depicts another example wherein the WIF sensor 46 includes a resistor 78 that extends
between and electncally connects the first and second pins 60, 62, Suwmlar to the example in
FIGURE 2, the control circuit 30 applies an electrical current to the noted first and second pins 60,
62, which are connected by the resistor 78, If the qualified filter element 24 15 not mstalled m the
filter housing 26 and there 1s no water m the filter honsing 26, the electncal current will encounter a
known or predictable resistance provided by the resistor 78, The control circuit 50 is programumed
to monitor the resistance across the pins 60, 62 and to compare the monitored resistance with one or
more resistance values stored in the memory 38, The memory 38 has a stored resistance valoe that
corresponds to the situation where the qualified filter element 24 1s not instalied in the filter housing
26 and there is no water m the filier housing 26 and the known resistance is provided by the resistor
78. When a resistance in the WIF sensor 48 is sdentified by the control circuit 30 that corresponds
to this stored resistance value, the control circuit 50 1s programmed to contrel the output device 57
to indicate that the qualified filter element 24 15 not installed in the filter housing 26 and there 18 no
water in the Glter housing 26.

0038} When the filter element 24 is not installed i the filter housing 26 and there 1s
water in the filter housing 26 that electrically connects the ends 68 of the first and second pins 60,
62, some clectrical corrent will How across the ends 68 of the ping 60, 62 because water will
typically provide less resistance 1o the current than the yesistance provided by the resistor 75, In
some examples, some of the electrical current still could alse flow across the resistor 780 The
relative amounts of current How across the pins 60, 62 and the resistor 78 will depend upon the
resistance provided by each. The control circuit 30 is progranimed o monitor the total resistance
across the ping 60, 62 and to compare this resistance with one or more resistance valoes stored in the
memory 38 The memeory 58 has a stored resistance value that corresponds to the situation where
the pins 60, 62 are submerged in water, When a resistance 1n the WIF sensor 48 is identified by the
control circwit 30 that corresponds to this stored resistance valwe, the contrel cwoult 50 is
programmed to control the output device 57 to indicate that there is water in the filter housing 26.

{0039} When the qualified filter element 24 is installed in the filter housing 26, the ends

68 of the first and second pins 00, 62 are connected by the conductive material 23, and the

10
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conductive material 23 will provide a certain resistance to the flow of current across the pins 60, 62,
which typically will be less than the resistance provided by resistor 78, The relative amounts of
current flow across the pins 60, 62 and the resistor 78 will depend upon the resistance provided by
cach, Again, the control civeuit 50 15 programmed to monitor the resistance across the ping 60, 62
and to compare this resistance with one or more resistance values stored in the memory S8, The
memory 58 has a stored resistance value that corresponds to the situation where the qualified filter
element 24 is installed in the filter housing 26 and carrent flows across the conductive matesial 23,
and optionally also the resistor 78. When a resistance in the WIF sensor 48 13 identified by the
control cirenit 50 that corresponds to this stored resistance value, the control circut 50 is
programmed to control the output device 537 to indicate that the qualified filter element 24 15
mstalled 1 the filter housing 26.

18040} FIGURE 4 depicts another example of a WIF sensor 46, In this example, the
first portion 49 of the WIF circuit 48 has three pins 60, 62, 80. Pins 60 and 62 have ends 68 that
extend into the filter housing 26, Pins 60 and 80 have ends 70 that extend out of the filter housing
26. The pins 62 and 80 are connected by a resistor 78, When a qualified filter element 24 15 not
mstalled and the pins 60, 62 are not in water, no carrent will flow through the WIF sensor 46, The
control circunt SO will sense an open cicuwit and will control the output device 57 o indicate this
condition, as discussed in the example of FIGURES 1 and 2. When a qualified filter element 24 15
wmstalied in the filter housing 26, the conductive material 23 on the bottom end cap 30 electrically
connects the ends 68 of the pins 60, 62, thus connecting the first and second portions 49, 51 of the
noted WIF crreatt 48 Electnical cwrrent will flow across the ends 68 of the ping 60, 62 via the
conductive material 23 and across the resistor 78 connecting the pins 62, 80, The total resistance
provided by the conductive matenial 23 and the resistor 78 will be detected by the control circuit 5.
The control circuit 50 is programmed o monitor the resistance across the pins 60, 62, 80 and to
compare this resistance with one or more resistance values stored n the memory 58, The memory
58 has a stored resistance value that corvesponds to the situation where the qualified filter element
24 1s installed in the filter bousing 26, When 4 resistance in the WIF circuit 48 15 identified by the
control circwit 30 that corresponds to this stored resistance valwe, the contrel cwoult 50 is
programmed to control the output device 37 to indicate that the qualified filter element 24 15
instalied in the filier housing 26

j0041} Also, once there is water inside the filter housing 26 that rises to & level such that

1
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the first and second pias 60, 62 are submerged in the water, a relatively low resistance across the
pins 60, 62 will be detected by the coniral circunt 50 because of the relatively high conductivity of
the water. That is, the water electrically connects the ends 68 of the first and second pins 60, 62 and
also provides some resistance to current flow through the pins 60, 62; however this resistance will
typically be less than the resistance provided by the conductive material 23 and the resistor 78, The
control circuit 50 is programumed o monitor the resistance across the pins 60, 62 and to compare
this resistance with one or more resistance values stored m the memory 38 The memory 58 has a
stored resistance value that corresponds to the situation where the pins 60, 62 are submerged
water.  When a resistance in the WIF circwit 48 is identified by the control circoit 50 that
corresponds to this stored resistance value, the control circuit 50 1§ programumed to control the
output device 37 to indicate that there is water in the filter bousing 26,

10042} As discussed herem above, the construction and orientation of the second portion
51 of the WIF circuit 48 can vary, I one example, with reference to FIGURE SA| the condactive
matetial 23 forms a pair of concentric conductive rings 72, 74 that are circamferentially disposed
around the bottom end cap 30, The concentric conductive rings 72, 74 are connected together by a
racially extending conductive junction 76, The concentric conductive nings 72, 74 and the pins 60,
62 of the WIF sensor 46 are both oriented and equally spaced apart such that when the qualified
filter element 24 is properly mstalled in the filter housing 26, the concentric conductive rings 72, 74
are aligned with and engage with the ends 68 of the contacts or pins 80, 62, to thereby join the first
and second portions 49, 31 and complete the WIF circwit 48, This configuration for the second
portion 31 alternatively can be applied in combination with any of the configurations for the first
porticn 49 shown m FIGURES 1-4. Alse, the conductive naterial 23 does not have 10 be formed
into a concentric ring shape and does not have to be circumferentially aligned around the bottom
end cap 30, as will be apparent from other examples in the following drawing figures.

10043} The example shown in FIGURE 5B s like the example of FIGURE 5A, except
that it includes a resistor 82 instead of the radially extending conductive junction 76. Resistor 82 is
located with the second portion 31 and electrically connecting to the concentric conductive rings 72,
74, This configuration for the second portion 51 alternately can be applied in combination with any
of the configurations shown in FIGURES 1-4. When the configuration of FIGURE 5B 15 used in
combmation with the configrrations of FIGURE 3A and FIGURE 4, the WIF eircuit 48 will include

=
¢

two resistors 78, 82 that are electrically connected in parallel when qualified filter element 24 is
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mstalled and the first portion and second portion 49, 31 are joined together. Resistor 78 is located
with the first portion 49 and resistor 82 1s focated with the second portion 51.

{0044} FIGURE 6A depicts another example of the second portion 49 on bottom end
cap 30, wherein the conductive matenial 23 includes a bifurcated non-circamferential conductive
ring 88 for connecting the ends 68 of the first and second pins 60, 62 when the qualified filter
element 24 s installed in the filter housing 26. The diameter of the non-circumferential conductive
ring 88 is substantially the same as the distance between the first and second pins 68, 62 to assist the
noted connection. A resistor 82 1s located with the second portion and electrically connects two
halves 8Ra, 88b of the non-circumferential ring 88, This configuration for the second portion 51
alternately can be applied in combination with any of the configurations shown in FIGURES 1-4.
When the configuration of FIGURE 6A is used 1 combination with either of the configurations of
FIGURE 3A or FIGURE 4, the WIF circuat 48 will include two resistors 78, 82 i series when
gqualified filter element 24 15 wstalled and the first portion and second portion 49, 51 are jomed
together, Resistor 78 is located with the first portion 49 and resistor 82 18 located with the second
portion S1.

10045} FIGURE 6B is an example hke FIGURE 64, except the cicumferential
conductive ring 88 is a complete circle that 1s molded into the bottom end cap 30 and thus does not
reguire the noted resistor 82 or another type of function.

[6046] FIGURES 7A-7D depict some of the many potential combinations and
configurations of the noted first and second portions 49, 51 of the WIF aircuit 480 In FIGURE 74|
the boitom end cap 30 is entirely (or al least partly) formed of conductive material 23 such that the
bottom end cap 30 itself forms the noted second portion 51 for completing the WIF cirout 48
installation of the qualified filter element 24 1n the filter housing 26 causes the ends 68 of the first
and second pins 60, 62 to contact the bottom end cap 30, thus completing the noted WIF circuit 48,
This configoration for the second portion 51 can be apphed in combination with any of the
configurations shown m FIGURES 1-4.

j0047} FIGURE 7B depicts a combination of the WIF sensor 46 and end cap 30
shown in FIGURES 3A and 5B, respectively, as described herein above,

[0048] FIGURE 7C, depicts a combination of the WIF sensor 46 and end cap 30 shown
i FIGURES 2 and SB, respectively, as described herein above.

0049} FIGURE 7D depicts & combination of the WIF sensor 46 and end cap 30 shown

13
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m FIGLURES 4 and 54, respectively, as described herein above.

0050] FIGURES 8A and 8B depict examples wherem the first and second portions of
the WIF circnit 48 are comnnected together by an intermediate conductive element 90 when the
qualified filter element 24 1s installed in the filter housing 26, These examples tustrate that the first
and second portions 49, St do not have to bhe directly connected together, but instead can be
connected by an mtermediate conductive device. In FIGURE 84, the conductive element 90
mcludes part of the filter housing 26, and particularly a conductive metal casing 92 that connects the
first pin 60 to the bottom end cap 30. In this example, the bottom end cap 30 can be like the
example in FIGURE 7A, wheren all of or at least part of the bottom end cap 30 is formed of
conductive material 23 and iself provides the second porton 31 of the WIF circuit 48, The
conductive metal casing 92 is on an infenior surface 94 of the filter housing 26 and 18 connected to
the pin 60. The conductive casing 92 hines the interior of the base receptacie 34 and extends
upwardly theremn, At least the top end 115 of the conductive metal casing 92 enpgages with the
conductive matertal 23 on the end cap 30 when the qualitied filter element 24 15 installed in the filter
housing 26, The end 68 of the pin 62 also connects to conductive matenial 23, thus connecting the
first and second portions 49, 51 of the WIF circnit 48, which functions like the example shown in
FIGURE 4.

[0051} In FIGURE 8B the conductive element 90 includes a conductive metal casing 96
on the centerpost 44 of the filter housing 26. The conductive metal casing 96 connects the second
and thurd pins 62, 80 to the conductive material 23 on the bottom end cap 30 when the goabified
filter element 24 15 properly stalled m the filter housing 26, This completes the WIF cirouit 4§,
which functions like the example shown m FIGURE 4,

j6052] Through research and expenmentation, the present ventors have also foand
that it is desirable that the radial oriemtation of the noted first and second portions 49, 51 of the WIF
circuit 48 are automatically or easily aligned during installabion such that the noted electrical
connection is made between the first and second portions 49, 51 when the qualified filter element 24
is inserted m the filter housing 26, Thus, in the illustrated examples, it is desirable that the ends 68
of the first and second pins 60, 62 become aligned with the conductive element 23 of the gualified
filter element 24 once the qualified filter element 24 is properly installed. FIGURES 9A-9F depict
some of the combinations that can achieve this objective.

0053} In FIGURE 94, the WIF sensor 46 is either locked to or formed as a part of the
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filter housing 26, such that the WIF sensor 46 cannot be rotated with respect to the filter housing 26.
One example of this type of WIF sensor 46 15 shown in FIGURE 3B. The bottom end cap 30 s like
the example shown in FIGURE 7A, wherein a portion of or the entire bottom end cap 30 1s made of
conductive material 23 and thus uself provides the second portion 51 of the WIF circuit 48, In
addition, the bottom end cap 30 1s provided with radially concentric, circumferential grooves 34, 86
for receiving and engaging with the ends 68, 70 of the first and second pins 60, 62. The
cucumierential grooves 84, 86 are electnically connected by a radial junction groove 85, The
bottom end cap 30 can be set at any rotational position with respect to the WIF sensor 406, because
the entire circumference of the grooves 84, 86 consistently allows for electrical contact between the
noted first and second portions 49, 31

10054} In FIGURE 9B, the bottom end cap 30 is ke the example shown w FIGURE
TA, wherein a portion of or the entire bottom end cap 30 13 nmade of conductive material 23 and thus
tiself provides the second portion 51 of the WIF circuit 48, In addition, the bottom end cap 30 18
provided with a non-circomferential, circular conductive groove 93, A mechanical lock 99 15
provided to retain the bottom end cap 30 such that the non-circumferential conductive groove 93
remains at a fixed circomierential position with respect to the WIF sensor 46, The type of
mechanical lock can widely vary, some examples are disclosed with respect to FIGURES 10A and
108, described herein below. The body 66 of the WIF sensor 46 is connected to the filter housing
26 by the threaded connection 42, such that the body 66 is radially rotatable with respect to the filter
housing 26, The circular shape and the fixed circumferential position of the conductive groove 93
ensures proper electrical counection between the ends 68 of the first and second pins 60, 62
regardless of the radial orientation of the body 66 of the WIF sensor 46 with respect 1o the filter
housing 26. The mechanical lock 99 ensures that the conductive groove 93 is aligned with the ends
68 of the first and second pins 60, 62,

0055} In FIGURE 9C, the bottom end cap 30 is ke the example shown in FIGURE
7A wherein at least a portion of the bottom end cap 30 is made of conductive material 23 and thus
iself provides the second portion 51 of the WIF cirout 48, In addition, the bottom end cap 30 13
provided with the non-circumferential, circular conductive groove 93 formed therein. The WIF
sensor 46 is like the example shown in FIGURE 3B, wherein the body 66 of the WIF sensor 46 15
locked with or formed into the filter housing 26, The mechanical lock 99 locks the rotational

prientation of the botton end cap 30 with respect to the filter housing 26,

—
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{0056} FIGURE 9D depicts another example, wherein the bottom end cap 30 is like the
example shown in FIGURE 5SA and the WIF sensor 46 is hke the example shown in FIGURE 3B
The body 66 of the WIF sensor 46 is locked with or a part of the filter housing 26. The concentric
circumierential nature of the conductive rings 72, 74 ensure that connection between the first and
second portions 49, 1 of the WIF circuit 48 occwrs when the qualified filter element 24 is installed
m the filter housing 26, regardless of the rotational position of the qualified filter element 24 with

j00S57] FIGURE 9E 1s hike FIGURE 9D except mstead of the circumizrential concentric
condactive rings 72, 74, the botionm end cap 30 is provided with the arcular, non-circomferential
conductive ring 88. The mechanical lock 99 locks the rotational orientation of the bottom end cap
30 with respect 1o the filier housing 26. The body 66 of the WIF sensor 46 is locked with or a pant
of the filter housing 26. Thus the circumferential orientation of the non-circumferential conductive
rings 87, 88 is aligned with the circumferential onentation of the WIF sensor 46 when the qualified
filter element 24 1s nstalled in the filter housing 26,

[0058} FIGURE 9F depicts another example wherein the botiom end cap 30 is like the
example in FIGURE 7A and the first portion 49 of the WIF circait 48 15 hike the example
FIGURE 2. At least part of the bottom end cap 30 15 made of conductive material 23 such that the
circumierential alignment of the respective first and second portions 49, 51 is accomplished when
the qualified filter element 24 is mstalled m the filter housing 26,

[0059] FIGURES 10A and 10B show some examples of mechamcal focks 99 for
locking the tirst and second portions 49, S of the WIF cirownt 48 wogether. FIGURE 104 depicts an
example wheremn a pin 98 is biased by a spring 101 1o engage with g corresponding concave
condactive ring 100 on the boitom end cap 30. The spring 101 15 disposed on one of the pins 60,
62, 80 of the WIF sensor 46. The pin 98 has a head that 103 that engages the spring 101, The base
of a bracket 1035 engages the opposite side of the spring 101, Insertion of the qualified filter element
24 o the filter housing 26 moves the bottom end cap 30 towards the pins 60, 62 and optionally 80
of the WIF sensor 46, thus causing the concave conductive ring 100 to engage with the head 105 of
pin 98, This compresses the spring 101 until the pin 98 contacts the pin 60, 62, &0, thus forming an
electrical comnection and completing the WIF circwr 48, FIGURE 10B depicts an example of an
end cap 30 for use with the assembly of FIGURE 104, wherein the concave conductive ring 100 is

in the form of a conductive groove 113 formed in the bottom end cap 30,
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0060} FIGURES 11A-11B depict another example of a filter assembly 200 having a
qualified filter element 202 and a filter housing 204 for the qualified filter element 202, Avleast one
magnetic element 206 is disposad on the gqualified filter element 202, The magnetic element 206
has a magnetic field 208 and can be a magnet or any other type of magnetic element. A pawr of
wires 210 are disposed on the filter housing 204, A control cireuit 212 having a programmable
processor 214 and memory 216 15 electrically coupled to the wires 210 so as to monitor a current
across the wires 210, In this example, the gualified Glter element 202 15 a cylindrical filter element
having a circumferential outer surface 218, The magnetic element 206 1s on the circumferential
outer surface 218, The qualified filter element 202 can be mstalled in the filter housing 204 by
rotating the qualified filter element 202 clockwise so that the magnetic element 206 passes by the
plurality of wires 210 doring the rotations. The qualified filter clement 202 can be uniostalled in the
filter housing 204 by rotating the qualified filter element 202 counterclockwise so that the magnetic
element 200 passes by the plurality of wires 210 during the rotations.

[0061] Like the example i FIGURE 1, the programmable processor 214 can be
communicatively connected to a computer readable medium that includes volatile or nonvolatile
memory apon which compuoter readable medium is stored. The programmable processor 214 can
access the computer readable medium and upon executing the computer readable code carries out
the functions as described herein. The control circuit 212 can be any suitable control device for
wterpreting mformation from the wires 2140, but 13 not limited fo an engine control module (ECM),
a controller, a fluid management control module, or any suttable datw/information processing
device, which may employ one or more software routines, as appropriate.  In this example, the
control circuit 212 is powered by any conventiong! power source, such as for example one or more
batteries 63, The control cirenit 212 is configured to supply an electrical curvent to the pair of wires
210 and 1o recerve electrical current from the pair wires 210, However the control circuit 212 does
not have o supply electrical current to the pair of wires 210; rather the noted electrical corrent could
be directly provided by any other power source such a battery.

jeg62} In use, when the qualified filter element 202 1s installed in the filter housing 204,
the plurality of wires 210 culy the magnetic field 208 of the magnetic element 206 thereby
modifying a current generated across the wires 210, The current on the wires 210 is monitored by
the controf circatt 212, A change in the current on the wires 210 aleris the control civowt 212 that

the qualified filter element 202 is installed. Like the example in FIGURE 1, the control circuit 212
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can be progranimed to control an output device 57 having warning lights 59, 61 and/or other
conventional means for aleriing an operator as to whether there is a qualified filter element 24
installed in the filter housing 26.

0063} FIGURES 11C-11D depict another exaraple of a filter system 220 wherein a
plarality of magnetic elements 206 are spaced apart on the circwmferential surface. The control
circuit 50 has a plurality of input terminals A-D that are connected to respective pairs of wires 210,
The orientation and location of the respective magnetic elements in the plurality 206 can be selected
so that movement of the qualified filter element 202 with respect to the filter housing 204 (eg
rotation during installation of the qualified filter element 202 into the filter housing 24) causes &
current induced pulse that is detected by the control circust 212 via the input terminals A-D. The
controd circuit 212 can be programmed to interpret the current induced pulse as 4 code and to
compare the current induced pulse or code to a stored current induced pulse or code in the memory
216 to thereby venty that the filter clement is @ qualified filier element 202, The code can vary
dependimg upon the location and onentation of the magnetic elements 206 i the plurality. In the
example shown, the qualified filter element 202 15 turned clockwise during installation. This causes
terminals A and B to generate a negative current signal that 18 read by the control aircayt 212,
Terminals C and D generate a positive current signal that 13 read by the control cirewst 212, The
memory 216 of the control circuit 212 contains a look-up table or other list that indicates that when
this code or combination of positive and negative current signals are detected, the control cirewt 212
should indicate via the output device 57 that a gqualified filter element 202 has been installed. The
control circuit 212 will not indicate that a qealified filter element 202 has been installed untl this
particalar combination of positive and negative current signals are detected. Conversely, when the
qualified filler element 202 1s uninstalled, counterclockwise rotation of the qualified filter element
202 with respect to the filter housing 204 causes terminals A and B 1o generate a positive current
signal and terminals C and D 1o generate a negative current signal,  Again, the memory 216 of the
control cirenit 212 comtains a look-up table or other list that indicates that when this combination of
positive and negative curvent signals are detected, the control cirouit 212 should indicate via the
output device 57 that a qualified filter element 202 has been uninstalled

[0064] Changing the location or onientation of the magnetic element 206 will change the
corresponding current-indaced pulse and thus change the code that is mterpreted by the control

circuit 212, allowing the manufacturer to tailor the noted code 1o thereby prevent counterfeiting,
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[0065] Although only a few example examples have been descnibed n detail above,
those skilled in the art will readily appreciate that many modifications are possible in the example
examples without materially departing from this invention. Accordingly. all such modifications are
tntended to be included within the scope of this disclosure as defined in the following claims. In the
claims, means plus function clauses are intended o cover the structures deseribed herein as
performing the recited function and not only structural equivalents but alse equivalent structures.
Thus, although a nail and a screw may not be structural equivalents i that a pail employs a
cvhindrical surface to secure wooden parts together, whereas a screw employs a helical surface,
the environment of fastening wooden parts, a nail and a screw may be equivalent stroctures. ltis the
express intention of the inventors not o mvoke 35 U.S.C. §112, paragraph six, for any limitations of
any of the claims herein, except for those in which the claim expressly uses the words “means for”

together with an associated function.
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CLAIMS

What is claimed is:

A filter assembly, comprising:

a gqualified filter clement that filters fuel;

a filter housing for the qualified filter element; and

a water-in-fuel sensor that senses presence of water in the filter housing, wherein an
electrical resistance of the water-in-fuel sensor changes based upon whether the qualified filter

element is installed m the housing.

The assembly according 1o claim 1, wherein the water-in-fuel sensor comprises an elecinical circunt
having a first porhon located with the housing and a second portion located with the qualified filter
element, wherein installing the qualified filter element in the housing electrically connects the

second and first portions of the electricat circuit.

The assembly according to claim 2, wherein the first portion of the elecirical cireutt comprises first

and second electrical contacts.

The assembly according to claim 3, comprising a resistor that electrically connects the first and

second electrical contacts.

The assembly according to clainy 4, wherein the first and second slectrical contacts and the resistor

are located with the first portion.

The assembly according to claim 4, comprising a second resistor located with the second portion,

wherein the second resistor electrically connects the first and second electrical contacts.

The assembly according to claim 4, wherein the resistor 13 located with the second portion.

The assembly according to clatm 3, wherein the circuit further comprises a third electrical contact,

and comprising a resistor that electrically connects the second and third electrical contacts.
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The assembly according to claim 3, wherein the filter compnises an end cap and wherein the second

portion of the circuit i3 located with the end cap.

The assembly according to claim 9, wherein the end cap comprises conductive material that
electrically connects the Birst and second elecirical contacts when the qualified filter element i

stalied 11 the fiker housing.

. The asserubly according to claim 10, wheren the end cap 1s made of the conductive matenial.

. The assembly according to clamm 11, comprising grooves in the end cap for recetving the fist and

second electrical contacis.

. The assembly according to clamm 10, wherein the condoctive material comprises conductive rings

that are circumferentially disposed around the end cap, wherein the conductive rings electrically
connect the first and second electrical contacts when the qualified filter element 13 installed in the

filter housing.

The assembly according to claim 10, wherein the conductive matenial comprises at least one non-
circumierential conductive ring that is disposed on the end cap, wherein the non-circomferential
conductive ring electrically connects the first and second electrical contacts when the qualified filter

clement is installed in the filter housing.

. The assembly according to claim 3, comprising a mechanical lock retaining at least one of the first

and second portions of the electrical cirowit at a circomferential location with respedt to the other of

the first and second portions of the electrical circuit.

The assernbly according to claim 135, wherein the mechaunical lock comprises a spring-biased pin

that engages with one of the first and second portions of the electrical circoit,

%

. The assembly according 1o clawm 2, comprising a conductive element connecting the first portion of

the electnical circott with the second portion of the electrical circnit when the qualified filter element
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1s instalied in the housing,

The assembly according to claim 17, wherein the conductive element comprises a casing on an

tterior surface of the filter housing,

. The assembly according to claim 17, wherein the conductive element comprises a casing on a

centerpost of the filier housing.

. The assembly according to claim 2, comprising a threaded comnection between a body of the water-

in-fuel sensor and the housing.

. The assembly according to claim 2, wherem the watern-fuel sensor is formed as a part of the

housing,

. A filter system, comprising

a qualified filter element that hiters foel;

a filter housing for the qualified hilter element;

a water-in-tuel sensor that senses presence of water in the fuel; and

a control circuit that determunes whether there is water m the filter housing based upon an
electrical resistance of the water-in-fuel sensor, the control circult being electrically connected to the
water-in-fael sensor;

wherein the control circuit also determines whether the qualified filter element is installed in

the housing based upon the electrical resistance of the water-an-fuel sensor.

. The filter system according to clamm 22, wherein the control circuit has a memory that has a stored

electrical resistance value that indicates the presence of water m the filter housing and a stored
electrical resistance valoe that indicates when the qualified filler element 1s installed 10 the housing,
and wherein the control circult compares the electrical resistance of the water-in-fuel sensor 1o the
stored electnical resistance values to determine whether there is water in the filter housing and

whether the qualified filler element is installed i the housing.

3
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The filter system according to clanm 23, wherein the at least one stored electrical resistance value
that indicates whether the qualified filter element is mstalled in the housing compnises an open

cirous resistance value.

. A method of identifyving a qualified filter element 1 a filter assembly having a filter hoasing, the

method comprising:

providing a water~-in~fuel sensor having an electrical circuit comprising a fist portion
located with the housing and & second portion located with the qualified filter element;

wserting the guahtied filter element into the filter housing;

sensing with a control circuit a change in electrical resistance of the water-in-fael sensor;
and

indicating that the quahified filter element 15 installed in the filter housing based on the

change in electrical resistance.

. A filter assembly comprising:

a filter housing;

a qualified filter element;

a plurality of magnetic elements disposed on at least one of the filter housing and the
qualified filter element, the plurality of magnetic elements each having & magnetic field;

a plurality of wires disposed on at least the other of the filter housing and the qualified
filter element; and

a control circuit that is electrically coupled to the plurality of wires and that detects an
electrical current w the plarahity of wires;

wherein when the qualified filter element 15 installed in the filter housing, the plurality of
wires cuts the magnetic field of at least one of the plurality of magnetic elements and thereby
changes the electrical current in the plurality of wires;

wherein the controf circuit deternunes that the gqualified filter element is wstalled i the

filter housing based on a change in the electrical current in the plarality of wires.



28]

WO 2013/165778 PCT/US2013/037972

. The filter assembly according to ¢laim 20, wherein the current generated in the plorality of wires
produces a current induced pulse and wherein the control circoit compares the current-induced
puise to a stored curvent-induced pulse to verify whether the gualifted filter element is qualified.

7

. The filier assembly according to clam 27, wherein changing the location of the plurality of

magnetic elements on the filter housing changes the current-induced pulse.

29, The filter assembly according 1o claim 27, wherein changing the ortentation of the plurality of

3

e

magnetic elements on the filter housing changes the current-induced pulse.

0. The filter assembly according to claim 26, wherem the qualified filter clement has a
circumferential outer surface and wherein magoetic elements in the plurality of magnetic
elements are spaced apart around the circumferential outer surface.

1. The filter assembly according to claim 30, wherein the qualified filter element 1s mstalled in the
filter housing by rotating the qualified {ilter element with respect to the filter housing so that the
plurality of magnetic elements are rotated past the plurality of wires during installation.

2. A method of identifving a qualified filter element in a filter assenibly having a filter housing, the
method comprising:

providing a plurality of magnetic elements on at least one of the qualified filter element
and the filter honsing, the plurality of magnetic elements compnising a magoetic Held;

providing a plurahity of wires on at least the other of the qualified filter element and the
filter housing;

instathing the qualified filter element into the filter housing;

sensing with a control circuit an electrical current along the plurahity of wives; and

identifving with the control civenit that the qualified filter element is installed in the filter
housing when the electrical current across the wires changes.

3. The method according to claim 32, comprising rotating the qualified filter element with respect

to the filter housing so that the plurality of magnetic elements passes by the plurality of wires

during rotations.
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The method according to claim 33, comprising mterpreting with the control cucuit 8 current
induced pulse caused by the current penerated in the plurality of wires during said rotation and
comparing the current induced pulse to a stored code to verity that the gqualified filter element 15

qualified.

. The method according to claim 34, comprising changing the location of the plarahity of magnetic

elements to change the current mduced pulse.

. The method according to claim 34, comprising changing the orientation of the plurality of

magnetic elements to change the current induced pulse.
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