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(54) METHOD AND SYSTEM FOR DETECTING RESOLVER/SYNCHRO FAULTS

(57) Embodiments herein relate to a sensor fault
measurement system. The system includes a sensor
having a primary winding, a first secondary winding and
a second secondary winding and a wiring harness oper-
ably connected to the primary winding, first secondary
winding and second secondary winding of the sensor.
The system also includes a controller operably connect-
ed to the wiring harness. The controller includes a bias
network configured to apply a common mode DC voltage

bias of opposite sign to the first sensor output and the
second sensor output respectively, and a fault sense cir-
cuit configured to monitor the DC voltage bias on first
sensor output and the DC voltage bias on second sensor
output, and identify a sensor fault if at least one of the
DC voltage bias on first sensor output and the DC voltage
bias second sensor output is impacted beyond a selected
threshold.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a monitoring
method and system for resolver, synchro, rotating trans-
formers sensors and to a corresponding method for mon-
itoring resolver short circuits and open circuits, particu-
larly in an aircraft application.

BACKGROUND

[0002] Modern aircraft have a plurality of control sur-
faces, which are commonly controlled by electric or hy-
draulic actuators, particularly in fly-by-wire aircraft. This
means that the pilot does not receive any direct feedback
relating to the movements of the control surfaces, e.g.,
via control cables on the control stick. In order to be able
to monitor the movement of the control surfaces, sensors
are therefore used on the individual control surfaces to
detect the position of the respective control surface. The
values detected by the sensors for the positions of the
control surfaces can subsequently be compared with the
commanded values, and a malfunction of a control sur-
face can be identified in the event of a deviation of the
positions detected by the respective sensor from the
commanded values.
[0003] A variety of sensors may be employed depend-
ing on the application. The synchros and resolvers are
sensors that are robust and have enjoyed a long history
of use in aircraft applications. Rotary or Linear Variable
Differential Transformer sensors (RVDT or LVDT sen-
sors) are also conventionally used as sensors in aircraft
because these sensors are very robust with respect to
external disturbances and have a very simple construc-
tion. Synchros, resolvers, RVDT, RVT (Rotary Variable
Transformer), or LVDT are all electro-mechanical sens-
ing transducers that are intended to sense precise me-
chanical rotational or linear motion. These devices all
contain a single primary winding coupled to one or more
(three in the case of a synchro) secondary windings, via
a movable core. The core is mechanically connected to
a linear shaft for LVDTs and to a rotary shaft for resolvers,
RVDTs, and RVTs. For RVDTs and RVTs, the voltage
coupled to the secondary winding(s) is linearly propor-
tional to the shaft displacement or rotor angle. However,
for resolvers and synchros the outputs are not linear to
shaft displacement angle but are related by mathemati-
cal/trigonometric relationships. For resolvers, the rela-
tionship is based on the SIN and COS θ of the displace-
ment angle, while for synchros, the relationship is based
on the SIN of the displacement angle with phase angle
shifts.
[0004] Synchros, resolvers, and RVDTs/LVDTs have
two or three secondary windings, while RVT’s have only
one secondary winding. Synchros, resolvers, RVDTs
and LVDTs have outputs that are more immune to pri-
mary excitation level and frequency variations because

the outputs are differentially measured or mathematically
related. On the other hand, RVTs have secondary out-
puts that are ratiometric to the primary excitation voltage,
so a more precise primary excitation level is typically em-
ployed. Because of the extra secondary winding, resolv-
ers, synchros, RVDTs/LVDTs require more aircraft wiring
and sensing circuitry. Advantageously, resolvers and
synchros can operate over all 4 quadrants of angle, rang-
ing from 0 to 360 degrees, whereas RVDTs and RVTs
are limited to about 90 degrees of range. Synchros and
resolvers typically employ phase sensitive or synchro-
nous demodulation to operate over multiple quadrants,
so detection circuits are more complex but more robust.
While interfaces to RVDTs, LVDTs, synchros, and re-
solvers all require relatively complex interfaces for exci-
tation and sensing to ensure their robustness, in some
applications, even these interfaces may be subject to
faults.
[0005] When sensors are used to detect the movement
of the individual control surfaces, the sensors used must
typically be monitored to ensure error free operation. Fail-
ures of sensors, and/or the wiring harness, or interfaces
to sensors, impact system reliability and result in a need
for redundancy and overdesign to ensure operation. It is
also desirable to ensure that potential failures are not
only detectable, but also preferably relegated to lesser
importance and to minimize impact on system reliability.
Therefore, it is desirable to have a simplified sensor in-
terface where potential failures are not just detectable,
but actually mitigated such that their impact is not signif-
icant.

BRIEF DESCRIPTION

[0006] Embodiments herein relate to a sensor fault de-
tection system. The system includes a sensor having a
primary winding, a first secondary winding and a second
secondary winding and a wiring harness operably con-
nected to the primary winding, first secondary winding
and second secondary winding of the sensor. The system
also includes a controller operably connected to the wir-
ing harness. The controller includes a bias network con-
figured to apply a common mode DC voltage bias of op-
posite polarity to the first sensor output and the second
sensor output respectively and a fault sense circuit con-
figured to monitor the DC voltage bias on first sensor
output and the DC voltage bias on the second sensor
output, and identify a sensor fault if at least one of the
DC voltage bias on first sensor output and the DC voltage
bias on the second sensor output is impacted beyond a
selected threshold.
[0007] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
may include that the controller can identify at least one
of: a short circuit to common of the primary winding or a
portion of the wiring harness connected to it; a short cir-
cuit to common of the first secondary winding or a portion
the wiring harness connected to it; or a short circuit to
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common of the second secondary winding or a portion
of the wiring harness connected to it.
[0008] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
may include that the controller can identify at least one
of: short circuit between at least one of the primary wind-
ing or a portion of the wiring harness connected to it, the
first secondary winding or a portion of the wiring harness
connected to it, and the second secondary winding or a
portion of the wiring harness connected to it.
[0009] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
may include that the controller can identify at least one
of: an open circuit of the primary winding or a portion of
the wiring harness connected to it; an open circuit of first
secondary winding or a portion of the wiring harness con-
nected to it; and an open circuit of the second secondary
winding a portion of the wiring harness connected to it.
[0010] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
may include that the controller is also configured to ex-
ecute a built in test function.
[0011] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
may include that the built in test function includes the
controller executing a error checking based on at least
one mathematical relationship associated with the sen-
sor.
[0012] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
may include that the built in test function includes the
controller applying the primary excitation as well as a
known stimulus as to the sensor and monitoring a re-
sponse.
[0013] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
may include that the built in test function includes at least
one of detecting at least one of: a short circuit to common,
wherein the short circuit is between: the primary winding
or a portion of the wiring harness connected to it; the first
secondary winding or a portion of the wiring harness con-
nected to it; and the second secondary winding or a por-
tion of the wiring harness connected to it; a short circuit,
between at least two of: the primary winding or a portion
of the wiring harness connected to it; the first secondary
winding or a portion of the wiring harness connected to
it; and the second secondary winding or a portion of the
wiring harness connected to it; and an open circuit of at
least one of: the primary winding or a portion of the wiring
harness connected to it; the first secondary winding or a
portion of the wiring harness connected to it; and the
second secondary winding a portion of the wiring harness
connected to it.
[0014] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
may include a third secondary winding on the sensor op-
erably connected to the controller by the wiring harness,
wherein the controller is configured to detect at least one

of: a short circuit to common of the third secondary wind-
ing or a portion of the wiring harness connected to it; a
short circuit, wherein the short circuit is between at least
two of: the primary winding or a portion of the wiring har-
ness connected to it; the first secondary winding or a
portion of the wiring harness connected to it; the second
secondary winding or a portion of the wiring harness con-
nected to it; and the third secondary winding or the portion
of the wiring harness connected to it; and an open circuit
of the third secondary winding or the portion of the wiring
harness connected to it.
[0015] In addition to one or more of the features de-
scribed above, or as an alternative, further embodiments
may include that the sensor includes at least one of a
resolver, synchro, RVDT, LVDT, and RVT.
[0016] Also described herein in an embodiment is a
method of sensor fault measurement and detection in a
sensor system with a sensor having a primary winding
and at least a first secondary winding providing a first
sensor output and a second secondary winding providing
a second sensor output, each operably connected via a
wiring harness to a controller. The controller is configured
to apply a common mode DC voltage bias of opposite
sign to the first sensor output and the second sensor
output respectively monitor the DC voltage bias on first
sensor output and the DC voltage bias second sensor
output, and identify a sensor fault if at least one of the
DC voltage bias on first sensor output and the DC voltage
bias second sensor output is impacted beyond a selected
threshold.
[0017] Additional features and advantages are real-
ized through the techniques of the present disclosure.
Other embodiments and aspects of the disclosure are
described in detail herein. For a better understanding of
the disclosure with the advantages and the features, refer
to the description and to the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The foregoing and other features, and advan-
tages of the embodiments are apparent from the follow-
ing detailed description taken in conjunction with the ac-
companying drawings in which:

FIG. 1 depicts a simplified diagram of an aircraft data
acquisition or control system in accordance with an
embodiment;

FIG. 2 depicts a simplified diagram of a controller
and sensor interfaces in accordance with an embod-
iment;

FIG. 3 depicts a simplified schematic of a controller
and sensor interfaces in accordance with an embod-
iment; and

FIG. 4 is a flow chart depicting a method of fault
tolerant sensor interface in accordance with an em-
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bodiment.

DETAILED DESCRIPTION

[0019] In general, embodiments herein relate general-
ly to a sensor interface design where selected faults are
detected such that they minimize impact on system op-
eration and overall reliability. In particular detection of
short and open circuits in sensors in an aircraft. The de-
scribed embodiments permit readily detecting such faults
without impacting normal measurement and detection.
In operation, a common mode DC bias is added to a
sensor signal that facilitates detection and quantification
of faults. In some embodiments more than one common
mode DC bias is employed.
[0020] For the purposes of promoting an understand-
ing of the principles of the present disclosure, reference
will now be made to the embodiments illustrated in the
drawings, and specific language will be used to describe
the same. It will nevertheless be understood that no lim-
itation of the scope of this disclosure is thereby intended.
The following description is merely illustrative in nature
and is not intended to limit the present disclosure, its
application or uses. It should be understood that through-
out the drawings, corresponding reference numerals in-
dicate like or corresponding parts and features. As used
herein, the term controller refers to processing circuitry
that may include an application specific integrated circuit
(ASIC), an electronic circuit, an electronic processor
(shared, dedicated, or group) and memory that executes
one or more software or firmware programs, a combina-
tional logic circuit, and/or other suitable interfaces and
components that provide the described functionality.
[0021] Additionally, the term "exemplary" is used here-
in to mean "serving as an example, instance or illustra-
tion." Any embodiment or design described herein as "ex-
emplary" is not necessarily to be construed as preferred
or advantageous over other embodiments or designs.
The terms "at least one" and "one or more" are under-
stood to include any integer number greater than or equal
to one, i.e. one, two, three, four, etc. The term "a plurality"
is understood to include any integer number greater than
or equal to two, i.e. two, three, four, five, etc. The term
"connection" can include an indirect "connection" and a
direct "connection".
[0022] As shown and described herein, various fea-
tures of the disclosure will be presented. Various embod-
iments may have the same or similar features and thus
the same or similar features may be labeled with the
same reference numeral, but preceded by a different first
number indicating the figure to which the feature is
shown. Thus, for example, element "a" that is shown in
Figure X may be labeled "Xa" and a similar feature in
Figure Z may be labeled "Za." Although similar reference
numbers may be used in a generic sense, various em-
bodiments will be described and various features may
include changes, alterations, modifications, etc. as will
be appreciated by those of skill in the art, whether explic-

itly described or otherwise would be appreciated by those
of skill in the art.
[0023] In general, embodiments herein relate general-
ly to a sensor interface design where risk of selected
faults are mitigated such that they do not impact system
operation and overall reliability. Turning now to Figure 1,
a simplified diagram of a control system 10 in an aircraft
12 is depicted. The control system 10 is used to control
the position of a control surface 16 depicted in this in-
stance, on an aircraft wing 20. The control system 10
includes one or more sensors 22a, 22b...22n configured
to measure an aircraft parameter. For example, in this
instance, a displacement of the control surface 16. The
sensor could be any configured to measure the displace-
ment of the control surface 16 or an actuator and the like
including, but not limited to synchros, resolvers,
RVDTs/LVDTs, RVTs, and the like. Such sensors 22a,
22b...22n generally employ a single primary winding 26
(FIG. 2) and two or more secondary windings 27a, 27b
(FIG. 2), and are all relevant to the embodiments de-
scribed herein. While the following descriptions of the
embodiments will be made with respect to application
with a resolver sensor, it will be appreciated that the de-
scribed embodiments may readily be applied to synchros
as well as RVDTs, and LVDTs.
[0024] Referring now to FIG. 2 in combination with FIG.
1, when a sensor 22 is employed in a measurement ap-
plication, a controller or data acquisition system 100,
hereinafter just referred to as controller 100 optionally
provides a precise alternating current (AC) excitation 116
via source 110 and a wiring harness shown generally as
23. The excitation is transmitted via the wiring harness
23 on lines 24 and 25, respectively, to the primary 26 of
the sensor 22 (in this instance a resolver). In some em-
bodiments the excitation 116 may be provided independ-
ent from the controller 100 and may be measured by the
controller 100. Advantageously, as is conventionally un-
derstood with resolvers, because the secondary winding
27a, 27b output voltages are compared to one another
in a ratiometric comparison, the shaft angle determina-
tion is substantially independent of variations in the ex-
citation voltage 116 as applied to the primary winding 26
of the sensor 22. The controller 100 also precisely reads
the AC output voltage level of each resolver secondary
winding 27a, 27b denoted SIN θ and COS θ respectively.
The secondary windings 27a, 27b are connected to the
controller 100 via lines 28a, 29a and 28b, 29b of the wiring
harness 23, respectively. The AC output voltage level of
each resolver secondary winding 27a, 27b is applied to
a differential amplifier 114a, 114b in the controller 100
for further processing and the shaft angle determination
for the sensor 22. For these systems, it is commonly de-
sirable to try to detect any functional failures of the sensor
22 and any associated wiring harness 23. Such potential
failures include a variety of failure modes such as open
circuits and short circuits of the sensor windings and open
circuits and short circuits of any associated wiring, e.g.,
windings 26, 27a, 27b or lines 24, 25, or 28a, 28b and
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29a, 29b.
[0025] Advantageously, many of these potential faults
exhibit relatively straight forward symptoms and facilitate
readily available methods of detection. However, an air-
craft wiring short circuit of the sensor primary line 24 and
return line 25 to the aircraft structure to the controller
circuit voltage reference (local ground) or to the second-
ary windings 27a, 27b can prove difficult to detect and/or
mitigate. Some failures can be particularly difficult to de-
tect because conventionally the short or open circuit volt-
age values may be within the normal voltage operating
range for the sensor 22. For example, errors based on
short to a ground or winding to winding short near the
location of the sensor 22 (on a wing 20) may be difficult
to detect because the short at the wing 20 may not be at
the same DC or AC potential of the common aircraft cir-
cuit voltage reference (local ground, hereinafter referred
to as common) point within the controller 100, which may
be located in an avionics bay in the aircraft 12 and may
or may not be isolated from aircraft chassis ground. For
example, in some embodiments, the controller measure-
ments for the sensor 22 may be isolated from ground
whether local common to the controller or at the sensor
22. The difference voltage between the two ground points
under such a fault condition, appears at the controller
100 as an in-range, normal sensor voltage. For typical
aircraft systems, voltage differentials between aircraft
ground points can be as high as one volt or more due to
the large distances between locations of sensors 22 and
the controller 100 in a data acquisition/control system 10.
As a result, it is advantageous to be able to isolate and
detect such faults and to be immune to such aircraft
ground differentials as may be introduced by a various
types of faults associated with a sensor 22.
[0026] It will be appreciated that while the embodi-
ments herein have been described with respect to de-
tecting/mitigating certain described failures for the prima-
ry winding 26 and primary source wiring 24, return line
25, and or secondary windings 27a, 27b and their re-
spective wiring, detection of other potential failure modes
is also possible. For example, during power on or initiated
built in test (PBIT, IBIT), when the sensor 22 is not being
used, the external wiring short may optionally be detected
by applying known stimulus to the sensor 22-primary
winding high side on line 24 and monitoring the voltage
developed by the secondary windings 27a, 27b for the
expected response. Moreover, during PBIT or IBIT, test
voltages and currents may be applied to the sensors 22
to ensure no other failures are detected. For example,
during PBIT or IBIT, fault modes that may be detected
by conventional BIT methods include, but may not be
limited to: an open primary winding 26 or primary excita-
tion wire 24 (25); an open in the secondary winding 27a,
27b or secondary wire 28a, 29a, 28b, 29b; a shorted pri-
mary winding 26 or primary source wire on line 24 shorted
to primary return wire 25; and a shorted secondary wind-
ing 27a, 27b or secondary output wire 28a, 28b, shorted
to secondary return wire 29a, 29b.

[0027] Continuing with FIG 2, in an embodiment, the
controller 100 includes positive pull up impedances 130a
and 130b connected between a positive voltage supply
denoted +V and lines 28a and 28b respectively, as well
as a negative pull down impedance 132a and 132b to a
negative voltage supply denoted -V and lines 29a and
29b respectively. The pull up impedances 130a, 130b
and pull down impedances 132a, 132b are applied to
each of SIN θ and COS θ controller inputs for each re-
solver secondary winding 27a, 27b respectively. The sec-
ondary windings 27a, 27b are connected to the controller
100 via lines 28a, 29a and 28b, 29b of the wiring harness
23 respectively. Likewise, each of the SIN θ and COS θ
controller inputs for each resolver secondary winding
27a, 27b also include a DC voltage bias network 134a
and 134b. In an embodiment, the DC voltage bias net-
work 134a provides a positive DC voltage bias to the SIN
θ input on the controller 100 and amplifier 114a, while
the DC voltage bias network 134b provides a negative
DC voltage bias to the COS θ input on the controller 100
and amplifier 114b. In an embodiment, the DC voltage
bias networks 134a, 134b are configured to provide a
common mode DC bias voltage on each of the controller
inputs for the SIN θ and COS θ outputs 27a and 27b of
the sensor 22, i.e. on lines 28a, 29a and 28b, 29b of the
wiring harness 23 respectively. Advantageously the DC
voltage bias network(s) 134a, 134b are configured to pro-
vide substantially equal and opposite polarity biases to
the SIN θ and COS θ outputs 27a and 27b of the sensor
22. In operation, the bias networks 134a, 134b need only
provide sufficient DC bias to maintain the fault circuit 140
disabled as will be discussed at a later point herein. While
a particular operation of the DC voltage bias network
134a, 134b is described, it will be appreciated that such
a configuration is merely illustrative. Other configurations
and implementations are possible and envisioned.
[0028] The controller 100 also includes a fault sense
circuit or function 140. The fault sense circuit 140 in-
cludes, but is not limited to, two input lines 142a, 142b
and a fault command output 144. In an embodiment, the
fault input lines 142a, 142b include a positive fault input
line 142a connected to one side of the SIN θ winding 27a
sensor output on line 29a. Likewise, the fault input lines
142a, 142b also include a negative fault input 142b con-
nected to one side of the COS θ winding 27b sensor
output on line 28b. In an embodiment, the DC bias circuits
134a and 134b are configured to maintain a positive DC
voltage bias on line 29a and a negative DC bias voltage
on line 28b, respectively. As long as both conditions are
satisfied, no fault is detected. In other words, if either the
positive DC voltage bias on line 29a, or negative DC bias
voltage on line 28b, falls below a selected threshold, then
the fault command is activated. In an embodiment, the
fault command output 144 when activated causes the
inputs of the differential amplifier 114a associated with
the SIN θ input and differential amplifier 114b associated
with the COS θ input to be shunted. The zero voltage
input on both the SIN θ and COS θ input causes conven-
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tional Sine and Cosine processing and fault determina-
tions to indicate the fault. For example, employing, con-
ventional Sin2θ +Cos2θ= 1 identity.
[0029] Continuing now with FIG. 2, for further detail on
the function and operation of the process for detection
of faults of the sensor 22. In an embodiment, under nor-
mal operation, as the sensor 22 operates, the bias circuits
134a, 134b cause a DC voltage bias to be added to the
SIN θ and COS θ outputs 27a, 27b of the sensor 22 such
that the bias is common mode and the AC measurement
of the signals at the differential amplifiers 114a, 114b is
unaffected. The sensor output signals 27a, 27b, SIN θ
and COS θ are measured and processed in the sensor
angle determination block 118 using conventional tech-
niques. As stated earlier, conventional mathematical er-
ror checking is also employed. When a fault occurs at
the sensor 22 or in the wiring harness 23, for example a
short circuit to common or (other low impedance drain)
on the low side of the SIN θ sensor output 27a or on line
29a of the wiring harness 23, the DC bias added to lines
28a and 29a is impacted and reduced to around 0VDC.
This reduction is detected by the fault sense circuit 140
on line 142a and causes the fault sense circuit 140 to
command a sensor fault on line 144 shunting both inputs
to the amplifiers 114a, and 114b. The shunted inputs
cause the sensor angle determination block to detect ze-
ro volts on both the SIN θ and COS θ inputs (27a, 27b)
and thus signal the fault. It will be appreciated that alter-
natively, the line 144 could also be measured to signal
the fault directly, without the need to shunt the SIN θ and
COS θ inputs at the differential amplifiers 114a and 114b.
[0030] As a second example of detecting a fault, an
open circuit for example, on the high side of the SIN θ
sensor output 27a or on line 28a of the wiring harness
23, the DC bias added to lines 28a and/or 29a is impacted
and reduced to around 0V (or any voltage sufficient to
cause the fault notification to be triggered) by the pull
down resistor 132a eliminating the positive bias on line
29a (or likewise the negative bias on line 28b). Once
again, this reduction is detected by the fault sense circuit
140 on line 142a and causes the fault sense circuit 140
to command a sensor fault on line 144 shunting both
inputs to the amplifiers 114a, and 114b. The shunted
inputs cause the sensor angle determination block 118
to detect zero volts on both the SIN θ and COS θ inputs
at amplifiers 114a, 114b and thus, signal the fault.
[0031] It will be appreciated that is this way, via inter-
action between the pull up resistances 130a, 130b, pull
down resistances 132a, 132b, and the bias circuits 134a,
134b, for selected faults at the sensor 22 at the outputs
27a, 27b or of the lines 28a, 29a, 28b, 29b of the wiring
harness 23, the bias applied to the fault sense circuit 140
at lines 142a, 142b is impacted. This impact is detected
and the fault detected. Advantageously, this approach
provides a unique means of detecting faults in the resolv-
er sensor 22 that is independent of sensor rotary position.
FIG. 3 provides an example implementation of a sensor
fault detection system and function in controller 100.

[0032] It will further be appreciated that while the em-
bodiments herein are described with reference to the
sensor 22 being a resolver, such description is merely
for illustration. One skilled in the art would appreciate that
the described embodiments may readily be applied to a
synchro as well as other sensor types as identified herein
without deviating from the scope and breadth of the
claims. For example, in the case of a synchro, synchros
employ a third or more secondary winding(s) 27n, an
additional bias circuit(s) 134n could be employed and
configured such that the fault sense circuit 140 could de-
tect certain faults associated with the third (and subse-
quent) winding(s) 27n. In such a configuration, because
synchro outputs exhibit different mathematical relation-
ships than a resolver, the controller 100 would employ
different relationships for error checking and determina-
tion associated with the mathematical relationships be-
tween the synchro outputs.
[0033] Turning now to FIG. 4, a flowchart of the method
200 of detecting and mitigating sensor faults is depicted.
The method includes an optional process step 205 of
generating at the controller 100 a primary excitation sig-
nal 116 for a sensor 22 and transmitting it to the sensor
22 on lines 24 and 25 respectively. At process step 210
a common mode DC voltage of opposite sign is applied
to a first sensor output 27a and a second sensor output
27b. At process step 215, the DC voltage bias on the first
sensor output 27a and the second sensor output 27b is
monitored and measured. Based on the, measured bias
voltages and mathematical checks of the sensor voltages
the process can identify a fault based on the voltages
and their relationships as depicted at process step 220.
[0034] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the invention. As used herein, the
singular forms "a", "an" and "the" are intended to include
the plural forms as well, unless the context clearly indi-
cates otherwise. It will be further understood that the
terms "comprises" and/or "comprising," when used in this
specification, specify the presence of stated features, in-
tegers, steps, operations, elements, and/or components,
but do not preclude the presence or addition of one more
other features, integers, steps, operations, element com-
ponents, and/or groups thereof.
[0035] While the disclosure has been provided in detail
in connection with only a limited number of embodiments,
it should be readily understood that the present disclo-
sure is not limited to such disclosed embodiments. Rath-
er, embodiments can be modified to incorporate any
number of variations, alterations, substitutions, combi-
nation, sub-combination, or equivalent arrangements not
heretofore described, but which are commensurate with
the scope of the disclosure. Additionally, while various
embodiments have been described, it is to be understood
that aspects of the disclosure may include only some of
the described embodiments. Accordingly, embodiments
are not to be seen as limited by the foregoing description,
but only limited by the scope of the appended claims.
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Claims

1. A sensor fault detection system comprising:

a sensor (22) having a primary winding (26);
a first secondary winding (27a) providing a first
sensor output and a second secondary winding
(27b) providing a second sensor output;
a wiring harness (23) operably connected to the
primary winding, first secondary winding and
second secondary winding of the sensor; and
a controller (100) operably connected to the wir-
ing harness, the controller including:

a bias network (134) configured to apply a
common mode DC voltage bias to the first
sensor output and a common mode DC volt-
age bias of opposite polarity to the second
sensor output respectively;
a fault sense circuit (140) configured to
monitor the DC voltage bias on first sensor
output and the DC voltage bias on second
sensor output, and identify a sensor fault if
at least one of the DC voltage bias on first
sensor output and the DC voltage bias sec-
ond sensor output is impacted beyond a se-
lected threshold.

2. The sensor fault detection system of claim 1, wherein
the controller can identify at least one of:

a short circuit to common of the primary winding
or a portion of the wiring harness connected to it;
a short circuit to common of the first secondary
winding or a portion of the wiring harness con-
nected to it; or
a short circuit to common of the second second-
ary winding or a portion of the wiring harness
connected to it.

3. The sensor fault detection system of claim 1 or 2,
wherein the controller can identify at least one of:

short circuit between at least one of the primary
winding or a portion of the wiring harness con-
nected to it, the first secondary winding or a por-
tion of the wiring harness connected to it, and
the second secondary winding or a portion of
the wiring harness connected to it.

4. The sensor fault detection system of claim 1, 2 or 3,
wherein the controller can identify at least one of:

an open circuit of the primary winding or a portion
of the wiring harness connected to it;
an open circuit of the first secondary winding or
a portion of the wiring harness connected to it;
and

an open circuit of the second secondary winding
or a portion of the wiring harness connected to it.

5. The sensor fault detection system of any preceding
claim , wherein the controller is also configured to
execute a built in test function, wherein the built in
test function includes the controller executing error
checking based on at least one mathematical rela-
tionship associated with the sensor.

6. The sensor fault detection system of claim 5, wherein
the built in test function includes detecting at least
one of:

a short circuit to common, wherein the short cir-
cuit is between: the primary winding or a portion
of the wiring harness connected to it; the first
secondary winding or a portion of the wiring har-
ness connected to it; and the second secondary
winding or a portion of the wiring harness con-
nected to it;
a short circuit, between at least two of: the pri-
mary winding or a portion of the wiring harness
connected to it; the first secondary winding or a
portion of the wiring harness connected to it; and
the second secondary winding or a portion of
the wiring harness connected to it; and
an open circuit of at least one of: the primary
winding or a portion of the wiring harness con-
nected to it; the first secondary winding or a por-
tion of the wiring harness connected to it; and
the second secondary winding or a portion of
the wiring harness connected to it.

7. The sensor fault detection system of any preceding
claim, further including a third secondary winding on
the sensor being operably connected to the control-
ler by the wiring harness, wherein the controller is
configured to detect at least one of:

a short circuit to common of the third secondary
winding or a portion of the wiring harness con-
nected to it;
a short circuit, wherein the short circuit is be-
tween at least two of: the primary winding or a
portion of the wiring harness connected to it; the
first secondary winding or a portion of the wiring
harness connected to it; the second secondary
winding or a portion of the wiring harness con-
nected to it; and the third secondary winding or
the portion of the wiring harness connected to
it; and
an open circuit of the third secondary winding or
the portion of the wiring harness connected to it.

8. The sensor fault detection system of any preceding
claim, wherein the sensor includes at least one of a
resolver, synchro, RVDT, LVDT, and RVT.
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9. A method of sensor fault detection in a sensor system
with a sensor having a primary winding and at least
a first secondary winding providing a first sensor out-
put and a second secondary winding providing a sec-
ond sensor output, each operably connected via a
wiring harness to a controller, the controller config-
ured to:

apply a common mode DC voltage bias of op-
posite sign to the first sensor output and the sec-
ond sensor output respectively;
monitor the DC voltage bias on first sensor out-
put and the DC voltage bias second sensor out-
put; and
identify a sensor fault if at least one of the DC
voltage bias on first sensor output and the DC
voltage bias second sensor output is impacted
beyond a selected threshold.

10. The sensor fault detection method of claim 9, where-
in the controller can identify at least one of:

a short circuit to common of the primary winding
or a portion of the wiring harness connected to it;
a short circuit to common of the first secondary
winding or a portion of the wiring harness con-
nected to it; and
a short circuit to common of the second second-
ary winding or a portion of the wiring harness
connected to it.

11. The sensor fault detection method of claim 9 or 10,
wherein the controller can identify at least one of:

a short circuit between at least one of the primary
winding or a portion of the wiring harness con-
nected to it; and
a short circuit between the first secondary wind-
ing or a portion of the wiring harness connected
to it, and the second secondary winding or a
portion of the wiring harness connected to it.

12. The sensor fault detection method of claim 9, 10 or
11, wherein the controller can identify at least one of:

an open circuit of the primary winding or a portion
of the wiring harness connected to it;
an open circuit of the first secondary winding or
a portion of the wiring harness connected to it;
and
an open circuit of the second secondary winding
or a portion of the wiring harness connected to it.

13. The sensor fault detection method of any of claims
9 to 12, further including the controller being config-
ured to execute a built in test function, wherein the
built in test function includes the controller at least
one of: executing error checking based on at least

one mathematical relationship associated with the
sensor and applying a known stimulus as the primary
excitation to the sensor and monitoring a response.

14. The sensor fault detection method of claim 13,
wherein the built in test function includes detecting
at least one of:

a short circuit to common of:

the primary winding or a portion of the wiring
harness connected to it;
the first secondary winding or a portion of
the wiring harness connected to it;
the second secondary winding or a portion
of the wiring harness connected to it;

a short circuit between at least one of:

the primary winding or a portion of the wiring
harness connected to it;
the first secondary winding or a portion of
the wiring harness connected to it; and
the second secondary winding or a portion
of the wiring harness connected to it; and

an open circuit of:

the primary winding or a portion of the wiring
harness connected to it;
the first secondary winding or a portion of
the wiring harness connected to it; and
an open circuit of the second secondary
winding or a portion of the wiring harness
connected to it.

15. The sensor fault detection method of claim 9, where-
in the controller is configured to detect at least one of:

a short circuit to common of a third secondary
winding or a portion of the wiring harness con-
nected to it;
a short circuit between at least one of:

the primary winding or a portion of the wiring
harness connected to it;
the first secondary winding or a portion of
the wiring harness connected to it;
the second secondary winding or a portion
of the wiring harness connected to it; and
the third secondary winding or the portion
of the wiring harness connected to it; and

an open circuit of:

the third secondary winding or the portion
of the wiring harness connected to it;
the third secondary winding on the sensor
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operably connected to the controller by the
wiring harness.
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