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(57) Abréegée/Abstract:
A system for detecting position that is capable of self-monitoring for connectivity faults. In one embodiment, the system comprises a
transformer, an excitation potential source, a bias potential source, and a processor.
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(57) Abstract: A system for detecting position that is capable of self-monitoring for connectivity faults. In one embodiment, the
system comprises a transformer, an excitation potential source, a bias potential source, and a processor.



R e 3 A At s o SOV N 0 et e P
e L I s
7 SRS R K o S e G ST IR G SN "-:-gy :
< Al R R e B & oo 2 . "
A J BB A : Aksiarsy Eib % 2 & o i B
3 P ' Kl RO TR P @
R ok e A T g R0 o ST PSSR 505 ,.{-C‘v e

o a *:}:‘q:, _..:::'f,.f;}x_:y, S {‘.3:2'4;3’4, SO I e i N ."-“"
RE T B R
YO % om-

10

15

20

25

30

-CA 02633511 2008 06 11

WU ZUU//UBYS 7L | | ; . R Y BRI UON SVuT ¢ ¢

A POSITION DETECTING SYSTEM THAT SELF-MONITORS FOR
CONNECTIVITY FAULTS -

CROSS-REFERENCE TO RELATED APPI.I CATIONS
(01)  This application claims the benefit of U.S. Patent Application Serial No. 11/314,163,

entitled ““A Position Detecting System that Self-Monitors for Connectivity Faults,” filed
December 22, 2003. .
FIELD OF THE INVENTION

- (02) The invention relates to detechng connéctivity faults within transformers.

BACKGROUND OF THE INVENTION
(03) Transformers used as position, or location, sensors are known. Typically, such a

transformer provides one or more output potentials that vary with the posiﬁdn of ama @eﬁc

member disposed within the transformer. From these outputs, the displacement (rotational

and/or lincatr) of the ma gFnetic member may be determined.

| (04) In conventional transformers, connectivity faults (e.g., short circuits, open circuits,

ézc-) may negatively impact the generation of the output potentials. In some cases, |
connectivity faults may reduce the accuracy of the determination of the ‘pOSition of the
magnetic member, or even effectively eliminate determinations of the position of the

rna gnetic member all together. In such instances, the overall ﬁmctioﬁality a system that
implements such a transformer (e.g., a control system, etc;) to detect linear aﬁd/or‘ rotational

dlsplacemcnt may be significantly impaired.

(G5} U.S. Patcnt Apphcanon Publication No. 2002!0030484 to Kiriyama dlscloses a

- position measunng device that provides some connectivity fault detecting .functlonahty.

However, the devace disclosed in Kiriyama 15 relanvely limited in several respects.

(06) Consequently, in conventional systems, two or more transformers are used in parallel
to venfy the output potentials and detect connectivity faults in one of the transfonners based
on ds fferences In output potentials between the transformers. However, this solution requires

| the systcm 10 include space and processing capabilities for the additional transformer(s). The

inclusion of multiple transformers also increases the cost and complexity of the system
SUMMARY '

(07) One aspect of the invention relates to a‘ system for _détecting position that is capable of
self-monitoring for connectivity faults. In one embodiment, the system comprises a
transformer, an excitanon potential source, a bias potential source, and a limcessor. The
transformer includes a magnetic member, which is movably disposed therein. The excitation
potential source is coupled to the transformer to apply an excitation poténﬁal to the
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transformer, wherein the application of the excitation potential to the transformer induces at

least-one induced potennal that is dependent on the posmcm of the magnetlc member mthm

the transformer. The bias p0tenna1 source is coupled 1o the transformer to apply a bias
potential to the transformer. The processor is coupled to the transformer to receive at least
one output signal, the at least one output signa) including the et. least one induced potennal.
The processor determines the position of the magnetic member based on the at least one
induced potential, and detects connectivity faults within the transformer based on the

presence or absence of the bias potenutal in the output signal.

' BRIEF DESCRIPTION OF THE DRAWINGS

{ 08) 'FIG. 1 is a schematic representation of a system for determining a posmon ofa .
magnetlc member, accordmg to one embodiment of the invention.
(09) FIG.21sa schematic representation of a System for detemnmng a position of a

- magnetic member, I accordance with one emboduncnt of the invention.

(10) FIG.3 is a schematic representanon of a system for determmmg a posmon ofa

magnetic member, according to one embodiment of the invenuon.

(11) FIG.4isa schematic representatlon of a system for determining a position of a

‘magnetic member, in accordance with one embodiment of the invention.

(12) = FI@G. 5 is a schematic tepresentation of a system for determining a position ofa
magnetic member, according to one embodiment of the invention. |
(1 3) ' FIG.61sa schematic .represeﬁtation of a system for deicrmining a position of 2
magnetc member, in accordance with one embbdiment of the invention.

(14) FIG. 7 is a schematic represen-taﬁon of a system for determining a position of a
magnetic member, according to one embodiment of the invention. -

(1 5) FIG. 8isa schematic representation of a éystcm for determining a position of a
ma gnetlc me mber, 1n accordancc with one embodiment of the mvenuon

(16} FIG. 9 is a schematic representatlon of a system for determmmg a position of a
magnetic member, according to one embodiment of the invention.

DETAILED DESCRIPTION =~ . R
(17) FIG. 1is an exemplary illustration of a system 10 for detecting position that is capable

- of sel f—momtonng for connectivity faults, according to one embodiment of the invention.

System 10 includes a linear variable dlfferennal transformer 12, an excitation potennal SOUICE

14 a bias p0tent1al source 16, and a processor 18. .
(18) Inone embodlment of the 1nvent10n, uanst”ormer 12 mcludes a primary coil 20, a ﬁrst .

secondary coil 22, a second secondzuy coil 24, and a magnetic member 26. Primary coil 20 1 is
2 | |
. SUBSTITUTE SHEET.
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electrically coupied with excitation POtential source 14 such that an excitation p0téntial (Ve)
1s applied to primary coil 20 by excitation potential source 14. First and second secondary
~coils 22 and 24 are located proxirmate to primary coil 20 such that the application of the

excnanon potential to pnmary coil 20 induces a first induced potential ( V,..) 1n first secondary

5 coil 22 and a second induced potcnual (V) 1 in second secondary coil 24. Magnetic member
26 1s shdeably disposed between primary cotl 20 and secondary coils 22 and 24. A Juncnon |
28 electncally couples first secondary coil 22 and secondary co:l 24, thereby coupling
secondary coils 22 and 24 10 each other. In one embodiment, junction 28 is also electrically
coupled to bias potenhalsource 16, which apphes a blas potenual (¥¢) to junction 28. In -
10 other embodime nts, juncuon 28 may be coupled to altcrnatwc potennal sources/ sinks, as wj)l
be described below. In the embodunent shown in FIG. 1, a first lead 30 electrically couples
first secondary coil 22 to processor 18 and a second lead 32 eleotncally couples second
secondary coil 24 1o processor 18 In other embodiments, some of which will be descrlbed
hereafter (e. g., 1n FIG. 7), only one of first lead 30 or second lead 32 may be coupled to
15  processor 18. Inthe embodx'ment of FIG. 1, ﬁrsf lead 30 transmits an oufput signal from first .'
secondary coil 22 to processor 18 that has a first output potential ( V44). Second lead 32
transmits an output signal from second secondary coil 24 to processor 18 that has a second
output potential (V35). Mathematically, first and second output potentials Vas and Vg may

¢

be represented as: ' | S
2 . o 1N V¥V, =V, +V..and
(2)  Vp=Vi+V,

(19) Inthe embodimont 'illﬁstrated in FIG. 1, the potennals ¥V and Vg induced m each of
first secondary coil 22 and secoﬁd 'seconda'ry coil 24, respectively, vary based on the position
of magmetic member 26. More partioularljr, in an embodiment like the Ono shown m FIG. 1,
25  as magnetic member 26 is linearly dlsplaccd by a distance d, the potennals V4 and Yy may be

described mathematically as follows
(3) VA (I) — Vg (-ANZ](I + Kd)COS(ax); and

4) Va(t')=V£ [M

—N-)(l ~ Kd )50_5(4?);

~where F73 represents the voltage ratio between ¥z and ¥V (or ¥3), @ represents the frequency

30 - of the excitation potential, K represents a proportionality constant, and  represents time.
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(20) As 1llustratcd in FIG. 1, processor 18 mcludes a position determining module 34and a

| ' fault detectlon module 36. Although processor 18 1 1S 111ustrated as a single component in the

embodiment of FIG. 1,n other embodtments-lt may be apprec mted that processor 18 may .
include a plurality of processors connected via an operative link. In some instances, the
5  plurality of processors may be located centfally in a single Iocation. In other instances, one
| of more of the plurality of processors.may be located remotely from each other. The
operative hn.k( 5) between the plurality of processors may include a ‘conomunications. link,
such as a wired, or wireless communications link, and may include a connection estoﬁlished
over a network, or via a direct connection. It shoﬁid further be appreciated that the
10 _repfesentaﬁon of modules 34 and 36 are provided for illustrgﬁve purposes, and that each
module may -incl'ulde one 6r_ more components that pérform the functi onalities assigned to
~ modules 34 and 36, as well as other functions. Modules 34 and 36 may include components
- implemented as hardware, soﬁWare, ﬁmm, a combination of hardware, soﬁware, :_andlor'
firmware, as well as in other r,nediums... ' |
15 - (21) In one embodiment of the invention, position determining module 34 determines the
position of magnetic member 26 with respeci to secondary coils 22 and 24. Position
detcrmmmg module 34 may leverage a predetermmed relauOnsh.lp between the first and
second output potennals Vaa and Vpp (and/or the potentials ¥4 and , g that are induced in
secondary coils 22 and 24). For example, the following relationship may be used to
20 . determine the posmon of magnetic member 26:

o gl

" IVAI + IVB|

where, again; Kisa pfoporﬁonality constant, and d'is a distance that magnetic 'member 26 has
been diSplaced. This relationship can be expressed in terms of the output ,pofenﬁals. Vs and
Vgg (using eqns. 1 and 2) as follows: - | |

R - ( : 33)"'
25 ~ (6) Kd-—————-—--—-—-—-(V T —ZV)

(22) Inone 'embodiment of the invenuon, fault detection module 36 is capoble of detecting

faults (e.g., shorts, opens, efc.) within transformer 12. More parﬁcola:fly, fault detection

module 36 is capabie of detecting connectivity faults at the electrical connebtioos between

excitation potenual source 14 and pnmary c011 20, between first lead 30 and first secondary
30 coil 22, between first secondary coil 22 and Junctmn 28, between junction 28 and bias

potentnal source 16, between junction 28 and second secondary coil 24, and between second

4
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lead 32 andsecdndary coil 24 To detect some of the possible faults within transformer 12,

- fault detectlon module 36 monitors the output SIgnals on first lead 30 and second lead 32 to

determine if the bias potential is present in each of the output 51gnals. If the blas potcnnal 1S

- present in €ach of the mgnals then no faults are present between first lead 30 and second lead

32. If the bias potential is present in the output signal on first lead 30, but is not present in
the output signal on second lead 32, then there is a fault between bias potential source 16 and

" second lead 32. If the bias potential is present in the output signal on second lead 32, but is

not present in the output signal on first lead 30, then there is a fault between bias potenual

’source 16 and first lead 30, If the bias potenual 1s not present in either of the output signals,

then there 1S a fault somewhere between first lead 30 and second lead 32. If the bias potcntxal

- is present in both output signals, but neither output 81gual includes an induced potential, then
there is a fault in the electronic coupling between excitation potential source 14 and pnmary
coil20. B o - .

(23)  FIG. 2 15 an illustration of system 10 configured according to one embodiment of the

‘invention. In the embodiment of FIG. 2, processor 18 includes an adder circuit 38 and a

differencing circuit 40. Each of adder circuit 38 a'nd differencing circuit 40 are electrically
coupled to both of first lead 30 and second lead 32. Adder circuit 38 adds the output signals
on first lead 30 and second lead 32 such t.he potential of the signal output ﬁom adder circuit

- 38 is a sum potential (V) that includes the sum of the outlet potentlals VM and Vgg. More
| pamculaﬂy, Vsuas may be represented as follows: .

D Van =V + Vaa ) 7,04 ¥, (04 27:). ‘
Differencing circuit 40 subtract the output potential ¥ on second lead 32 from the output
potential 4 on first lead 30 to generatc a sighal at a dlfference potennal ( Vmpp) wl'nch may
be represented as: - _ | |
) le?‘(i)zy ‘(t)"' V53(1)4V (I)"' VB(‘)'
COI!Iblnlllg the output sxgnals via adder c circuit 38 and dlffcrencmg circuit 40, enables

equation 6, which is used by processor 18 to detenmine the position of megnetic member 26,
to be simplified, usmg the sum potentml Vsune and the difference potential ¥pzer, as:

(9 Kd = __._I./M____
| Vsuu - 2Vc

24) In the embodiments illustrated i in FIGS 1 and 2, exc:tanon potennal source 14 is an

AC potential source, and bias potential source 16 is a DC potential source. This may enhance
various aspects of the system 10, including separaﬁng the induced potentials ¥, and ¥ from

. 5 |
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the bias potential Ve for the purpose of fault detection. However, in this embodiment, in
order to determine the position of magrxetic member 26 from the induced potentials ¥, and
Vg, the outpur potenhals, or various combina_tio‘ns thereof (e.g. ,. Vsum and Voier), some or all
of the various potentials may be demodulated before they are used to determine the position
5  of magnetic member 26 and/or to detect faults. Various demodulation nechniques,'s'c:)mc of
which are discussed below, may be executed by processor 1% using software tools, hardware
(e.g., circuits), Or some combmanon thereof.

(25} In one embodiment, potentials, such as the output poténﬁal, may be multiplied by a
potential proportiona] to, and 1n phésé with, the excitaton potential Vg' ‘The resulting product

10 yields two potentials, one that 1s penodtc at twice the frequency of the excitation potential Vg,

* and one that is not periodic. The penodlc component may thcn be di scarded, and the non-

periodic potential may be used for further processing. For lllustranve purposes, this

demodulation tech'nique 15 executed below with respect to the induced potental Vper,

(10) Vm,.,. (t)s v, (1) = V., [—i—;-)(— 2Kd )cos{at)e Dcos{ar);

15 . which simplifies to:

an ?E(g-](- 2Kd )cos(at)e pcélg(w;)é [o. Ve (%)(* ZKd)}[cos(ax)cos(ax)] .
i [on( Y28 feostroson=[ 072 Y- 2] L contar)

where the potentiﬂ (Vp) that the induced poteﬁ_ﬁal Vpirr 1s multiplied by is expressed
mathematically as: | , . B |
20 | - (13) Vi(e)= 'Déos(m;);

where D 1s an amplitude of the potential Vp, and w is the frequeﬁcy df the excitatioﬁ potential
Ve -
(26) - In one embodlment, the potentxals are demodulated via synchronous sampling. More
pamcularly, the signals containing the potennals of interest are sampled when cos( ax) = 1.

25 This would enable the amplitudes of the potentials to be used for calculations and . '

determinations without having to perform further processing to demodulate the satnpléd
 potentials, ' |
(27) In aﬁother embodiment, signals may be demodulated via demodulation circuits within
processor 18, For examplé,' FIG. 3 illustrates an embodiment of system 10 in which rectifier
30  circuits 42 (illustrated as rectifier circuits 42a-42c) may be used to demodulate potentials to

' 6
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generate demodulated potenuals The demodulated potcn’uals are then be processed ﬁmher

within processor 18 to determine the position of magnetlc member 26 and/or detect

connectivity faults within transformer 12. |
(28)  In the embodiment of FIG. 3, processor 18 mcludes adder circuit 38, but not

differencing circunit 40. In this embodiment, the difference potential Vpser is determined by

subtracting potential Vg from potential V4. In this configuration, not all connectivity faults
at or around junction 28 are detectable by processor 18. Specifically, while open connections
around junction 28 are readily detecnab]e in this coniigurauon a short between secondary
coils 22 and 24 is not. However, FIG. 4 illustrates an embodiment of systcm 10 1n which this
inability to readily detect a short between secondary coils 22 and 24 1s avoided.

(29)  Inthe embodiment illustrated in FIG. 4, processor 18 includes differencing circuit 40,

and secondary coils 22 and 24 are wound in opposite directions so that the induced potentials
Vaand Vp be 180° out of phase. Because of the phase shift between 1nduced pofenﬁals V4
and V}, the potential yielded by differencing circuit 40 will be the sum potenﬁal Vsum,
making the potentlals used for further processing within processor 18 the same in the
embodiments of both FIGS. 3 and 4. But, in the event of a short between secondary coﬂs 22

“and 24, induced potennals V, and Vg w1H destructively mterfere, thereby .SImphfymg

detection of the short by processor 18. | ,
(30) Inthe embodiments of both FIGS. 3 and 4, the bias potential V¢ is extracted from one

- of the output potentials ¥4 and Vg via a low pass filter 41. Low pass fiiter 41 extracts the

DC component of the output pofential, the DC componcnt being, essenﬁally, the bias

‘potential Ve. The extracted bias potential V¢ is then used within processor 18 in further

 processing, such as, determining the position of magnetic member 26 and detecting

connectivity faults within transformer 12.

(3/) FIG. 5 illustrates another conﬂgu.ration of system 10, according to one embodment of
the mvcntlon In the embodunent shown in FIG. 5 the bias potential is extracted from one of
the output SIgnalS and 1 13 then subtractcd from each of the output potennals V,M and Vpg by a
pair of differencin g circuits 44 and 46 to yield the induced potentials ¥,; and Va, prior to

. demodulation by rectifier circuits 42. A differencing circuir 47 subtracts output potential ¥,
from Vg to yvield a dctection potential' Vpier that _is independent from the positon of the

magnetic member 26. As long as system 10-1s configured such that the output potentials V4
and Ve are 180 degrees out of phase with each other, the amplitude of Vpirr remams
constant in the absence of connectivity faults within ransformer 12, as is illustrated by the
following equation: L | ‘
‘ - ‘ -
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(14) = Ve (r)=|Kd cosler)]- [K (1~ d) cos(art - 7).
Inc_idmﬂally;ih oﬂlér embodi'mehts, system 10 méy be conﬁgured Such that the Qﬁtp.ut R
potehtials V.4 and Vag are in phase with each other, and the folldwing relaﬁons}ﬁp is
o leveraged o prowde Voser With a constant amplitude in the absence of connect‘lwty fanlts.
5 ' A8 V()= [kd cos{ax)]+ [K {1 - d)cos(a#)] .
In the embodlment 111ustrated in FIG. 5, both V¢ and Vpssr are monitored within processor 18 N
for changes that signify a connectivity fault in tmnsformer 12,
- (32) Referring to FIG. 6, System 10 is shown according to one embodiment of the
-~ - inve ntion, in which system 10 is wired the substantialiy the same as in the configuration
10 shown in FIG. 5. The difference being that processor 18 includes a commercial offf-the-she]f'
_LVDT!RVDT' signal conditioning chip 49, such as the Analog Devices ADS598 (patent
pénding) that performs as posiﬁon determination mt;dule 34 to determine the position of
magnenc member 26. The output s3 gnals are AC coupled into the signal conditioning chip to
~ remove the bias p0tentlal Ve. The sxgnal condmomng chlp can then compute posmon as ifno
15 - bias were present in system 10. Two addmonal potennals are produced in thxs conﬁguanon,
~ the bias potential Vc_-, which is extracted from one of the output potentials as was done in the
configuration of FIG. 5 and Vper whi;:h corresponds to the detection potental ¥per of the
conﬁguratlon of FIG. 5 d1scussed above As was descnbed prewously, both Vgas and VDET

can be expected 10 remain constant mdcpendent from the position of magnetic member 26,

20  and are momtored to ensure proper Operanon of tranaformer 12..- In anOther embodiment
similar to that of FIG. 0, dlfferencmg circuit 40 shown in FIG. 6 may be replaced with an
adder circuit that would produce Voer, provided the phasmg of .transfonner 12 was arranged
prOperiy. o " - -

(33)  The embodimehts illustrated in FIGS. 1-6 have included 5-wite transformers. It may .

25 be appreciated that 1:h¢=$prese:ntT mvention also contemplates applying a bias potential ¥ to
other posiﬁon detecting wansformers.. For example, FIG. 7 illustrates an embodiment of
systeni 10 iﬁcluding a 4-wire linear variable differential transformer 48 in place of the 5-wire

| Mhsfo@Er ' 12. Within transformer 48,. Components sirhilar to those included in transformer
. 12 are given the same reference numbers. The most notable difference betﬁeen transformer

30 48 and transformer 12 is that in transformer 48 junction 28 is electrically coupled to each of '
first secondary coil 22 and second secondary coil 24, but junction 28 is not coupled 10 a
potential sink (e.g., ground) or a potential source (e.g., bias potential source 16). Within
system 10, bias poteritial source 16 is connected to transformer 48 at first lead 30 to apply the

. 8 :
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bias potential V¢ to transformer 48. The outpﬁt at sé,c‘oﬂ‘d‘_ léad,32, therefore, includes the bias
potential Vc; as well as the induced potentials V4 and V5. The bias potential Ve is exu‘-acted
from the output signal on second lead 32, and this potential 1s then monitored by procéssor 18
to detect connéctivity faults within transformer 48 In the embodirbent‘ shown n 'F IG.7,.
5  position determinin g module 34 includes a signal conditioning Chlp 50 applymnga
- conventional demodulauon scheme, which may be similar to chip 49 descnbed above. The -
output signal present on second lead 32 is AC coupled mto ch1p 50 to remove the bias
p0tentla1 V¢ from the output signal. | |
(34) FIG. 8 1llustrates another configuration of sysiem 10 mcludmg transfonner 48
10 | accordmg to one embodiment of the invention. In the conﬁgumtmn shown in FIG. 8, 'b1as
- potential source 16 is again apphcd to ransformer 48 on first lead 30 but unlike the
- configuration shown in FIG. 7, output mgnals on both ﬁrst lead 30 and second lead 32 are AC
coupled into Chlp 50 for enhanced noise immunity. | .
(35) FIG.9 illustrates a conﬁguratlon of system 10 accordmg to another embodlment of
15  the invention. - The configuration of system 10 1s similar 10 the conﬁgmanon of FIG. &, but
mecludes a passive network 52 that couples the blaS potennal Ve onto first lead 30 from b1as -
potential source 16. Passwe network 52 is an electronic network that has a low 1mpedance at
DC and a high mpedancc at the excitation frequency of excitation potentlal source 14.
| (3 6) Althou gh the embodiments of the invention dlscussed above are described mcludmg
20 lmear variable differential mansformers, it should be apprecmted that this 1s for illustrative
purposes only, and that the invention contemplates implementing a bias potential to detect
connectivity faults 1 in other types of transformers capable of determining a posmon of a
member within the trtansformer. For examp]e the invention contemplatcs rotanonal variable
differcntial transformers, synchros, and resolvers. Addmonally, the descriptions of the
25 ~ embodiments above have disclosed the bias ipoten'tial Veasa DC potential, however, in
anothet embodiment of the invention the bias potential ¥ is an AC'potential.;
(37) it can thus be appreciated that embodiments of the preseﬁt mvention have now been
fully and effectively acchplished. The fbregoing embodiments have been provided to
1llustrate the structural and functional 'prinéiples. of the present invention, and are not intexided
30 to be liﬁ:iﬁng, To the contrary, the present invention is imtended to encompass all
modifications, alte;ations and substitutions within the 'spirit'ahd scope of the appended

- claims.
| 9 o
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at 1s claimed 1s:
1. A system for detecting posmon that is capable of self'-momtormg for connectmty

faults, the system compnsing:
a transformer in whlch a magnetic member 1s movably disposed;.

5 - anexcitation potenual SOUrce coupled 1o the transformer to apply an excitation
potential to the transformer, wherein the apphcatlon of the excitation potennal tothe
transformer mduces at Ieast one induced potential that is dependent on the position of
‘.the magnetc member within the transformer

a bias potential source coupled to the tmnsfonner to apply a bias p0tcnual to
10 ~  the transformer; and ' |
a Processor that is coupled to the ransformer to receive at least one outpuf
53 ignal, the at least one output signal mcludlng the at least one mduced potential,
the processor determining the position of the magnetlc member based on the at.
least one induced potential, and ' .
15 : ~ the processor detecting connectivity faults within the transformer based 6n the
presence or absence of the bias pOtential In the output signal. ‘
2. The system of claim 1, wherein the transformer comprises:
' a pnrnary cml that is-coupled to the excitation potential source such that the

excitation potential is applied to the primary coil;

20 - a first secondary coil that is positioned proximate to the primary coil such-thaf- .
 the application of the excitation potential to the Iirimafy coll induces a first induced '
‘potential in the first secondary coil; | ‘ P
a second secondary cml that 1s posmoned proximate to the pnmary co:l such
that the apphcatmn of the excitation potentlal to the primary coil induces a second
25 induced porcnnal in the second secondary coil; and
' 2 junction that is coupled to each of the first sccondary coil and the second

secondary coil, . |
B wherein the bias potential source is coupled to the Juncuon and apphes the
| ' bias potential to the junction. | |
30 3.  Thesystem of claim 1, wherein the transformer. cdmpn' ses:
' a primary coil that 1S boup’le'd to the excitation poténtial source such that the
excitation potential is applied to the primary coil; : | |

. 10 |
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a first secondary coil that is positioned proximate to the primary coil such that
the application of the excitation potential to the primary coil induces a first induced
potential in the first secondary coil; |
" a second secondary coil that is positioned proximate to the primary coil such
5 that the application of the excitation potential to the primary coil induces a second

10

15 6.

20 9.
- 10,

11.

25 . 12
13.

ceived at the EPO on Jan 11, 2008 21:18:12. Page 28 of 31

“induced potential in the second secondary coil;

- a first lead coupled to the first secondary coil; and

" a second lead that is coupled to the second secondary coil,

wherein the bias potential SOUrCe is coupled to one of the first lead or the
second lead such that the b1as potential 18 apphed, to the first lead or the second lead.
The system of claim 1, wherein the processor ;deteﬁﬁincq a rotational orientation of
the magnetic member. |
The system of claim 1, wherem the processor detenmnes a linear dtsplaccmem of the
magnetic member.
The system of claim 1, wherein the excitation potential is an AC potentlal and the bzas'
potential is a DC potential.
The system of claim 1, wherein the excitation potential and the bias potential are AC

potentials.

‘The system of claim 1, wherein the transfotmer coriprises a synchro.

- The system of claim 1, wherein the transformer comprises a resolver.

The system of claim 1, wherein the transformer comprises a linear variable

differennal u‘ansfonner

The system of clan‘n 1, wherein the transformer compnscs a rotatlona] vanable

.dlﬁ'eremlal transfom.u.r

‘The Systeni of claim 1, wherein the transformer comprises a 5-wire transformer.

- The system of claim 1, wherein the transformer comprises a 4-wire transformer. .
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