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TORSIONAL ANOMALIES DETECTION

SYSTEM
BACKGROUND
[0001] 1. Technical Field
[0002] The system of the present application relates 1n

general to the field of drive system health monitoring, and
relates specifically to the drive systems rotational oscilla-
tions and torsional oscillations and steady windup and
detection of mechanical anomalies indicated by these
changes 1n rotational oscillations and torsional oscillations
and steady windup of a series of drive shaits.

[0003] 2. Description of Related Art

[0004] 'Typically, 1in rotorcraits parts are replaced based
upon the number of hours flown. Therefore, parts are
ispected and replaced regularly to insure the aircraft is
flightworthy. Instrumentation systems, based upon acceler-
ometers, provide fault detection of drive trains. As the
aircraft parts fail, harmonic analysis of the vibratory patterns
changes and indicates a failing part. However, accelerom-
eters must be spread out along the length of the drive train
as vibrations resulting from faulty parts are generally local-
1zed to the faulty part. Accelerometers must be regularly
calibrated to verify their output requiring additional main-
tenance.

[0005] Hence, there 1s a need for a method and apparatus
for fault detection 1n a tail rotor drive shaft without accel-
erometers.

DESCRIPTION OF THE DRAWINGS

[0006] The novel features believed characteristic of the
system of the present application are set forth in the
appended claims. However, the system itself, as well as, a
preferred mode of use, and further objectives and advantages
thereot, will best be understood by reference to the follow-
ing detailed description when read 1n conjunction with the
accompanying drawings, wherein:

[0007] FIG. 1 1s a plan view of a rotorcrait featuring a
torsional anomaly detection system according to the pre-
ferred embodiment of the present application;

[0008] FIG. 2 1s a graphical representation of a torsional
anomaly detection system:;

[0009] FIG. 3 1s a perspective view of a sensor assembly
according to the preferred embodiment of the present appli-
cation;

[0010] FIG. 4 1s a plan view of a grating according to the
preferred embodiment of the present application

[0011] FIG. 5a 1s a graph of an oscillatory torque without
a fault; and

[0012] FIG. 5b 1s a graph of an oscillatory torque with a
fault.

[0013] While the system of the present application 1is

susceptible to various modifications and alternative forms,
specific embodiments thereof have been shown by way of
example 1n the drawings and are herein described in detail.
It should be understood, however, that the description herein
of specific embodiments 1s not intended to limit the system
to the particular forms disclosed, but on the contrary, the
intention 1s to cover all modifications, equivalents, and
alternatives falling within the spirit and scope of the present
application as defined by the appended claims.
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DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0014] Illustrative embodiments of the system of the pres-
ent application are described below. In the interest of clarity,
not all features of an actual implementation are described in
this specification. It will of course be appreciated that 1n the
development of any such actual embodiment, numerous
implementation-specific decisions must be made to achieve
the developer’s specific goals, such as compliance with
system-related and business-related constraints, which waill
vary from one implementation to another. Moreover, 1t will
be appreciated that such a development effort might be
complex and time-consuming but would nevertheless be a
routine undertaking for those of ordinary skill in the art
having the benefit of this disclosure.

[0015] In the specification, reference may be made to the
spatial relationships between various components and to the
spatial orientation of various aspects of components as the
devices are depicted 1n the attached drawings. However, as
will be recognized by those skilled in the art after a complete
reading of the present application, the devices, members,
apparatuses, etc. described herein may be positioned in any
desired orientation. Thus, the use of terms such as “above,”
“below,” “upper,” “lower,” or other like terms to describe a
spatial relationship between wvarious components or to
describe the spatial orientation of aspects of such compo-
nents should be understood to describe a relative relation-
ship between the components or a spatial orientation of
aspects of such components, respectively, as the device
described herein may be oriented 1n any desired direction.
[0016] A method and apparatus for determining failure
diagnosis of drive systems of rotorcrafts through measuring
the spectral characteristics of rotational oscillations and
torsional oscillations and steady windup of a drive shaft.
Mechanical anomalies of the drive system will alter the
spectral characteristics of oscillations, both rotational and
torsional, and steady windup as detected by a varnable
reluctance sensor 1n conjunction with a radial grating
mounted on the drive shaft. The system produces a fre-
quency spectrum based upon the output of the sensor and
compares the frequency spectrum based upon the output of
the sensor to a known good state and automatically detects
oscillations that would indicate mechanical faults. The sys-
tem provides a drive train and rotor system diagnostic tool
to both the maintainer and the pilots.

[0017] The system 1s configured to measure two types of
oscillations 1 a drive system. First, the system measures
torsional oscillations and steady wind-up along the drive
train. Second, the system measures rotational oscillations
along the drive train. Both types of oscillations can be used
by the system to detect and indicate faults along the drive
train.

[0018] Referring to FIG. 1 1n the drawings, a rotorcraft
101 1s 1llustrated. Rotorcrait 101 has a rotor system 103 with
a plurality of main rotor blades 111. Rotorcrait 101 further
includes a fuselage 105, landing gear 107, a tail member
109, and tail rotor blades 113. An engine 115 supplies torque
to a main rotor mast 117 and a tail rotor drive shatt 119, for
the rotating of main rotor blades 111 and tail rotor blades
113, respectively. The pitch of each main rotor blade 111 can
be selectively controlled in order to selectively control
direction, thrust, and lift of rotorcrait 101. Further, the pitch
of tail rotor blades 113 can be selectively controlled 1n order
to selectively control yaw of rotorcraft 101.



US 2016/0304192 Al

[0019] Referring now also to FIG. 2, a tail rotor drive shaft
torque measuring sensor system 201 1s illustrated 1 con-
junction with the drive system of rotorcraft 101. Sensor
system 201 1s comprised of variable reluctance sensors
aligned to rotating circular target having a plurality of teeth
radially extending from the circular target.

[0020] Sensor system 201 utilizes a first hanger bearing
121 and a second hanger bearing 123 as stationary sensor
mounting platforms, while rotating sensor components are
adjacently located on tail rotor drive shaft 119. Preterably,
the stationary sensor mounting positions are located adjacent
the circular targets. Tail rotor drive shaft 119 can include a
plurality of drive shaft segments, such as drive shaft segment
119a. Preferably, sensor system 201 1s associated with a
drive shaft segment, such as segment 119q, that 1s a for-
wardly located drive shaft segment. Sensor system 201 can
include a first sensor assembly 203 associated with a for-
ward portion of segment 119a, as well as a second sensor
assembly 205 associated with an aft portion of segment

119a.

[0021] First sensor assembly 203 1s comprised of a first
forward sensor 203a and a forward grating 203b. Second
forward sensor 203¢ may be utilized to increase the accuracy
of the measurement, second forward sensor 203c¢ 1s prefer-
ably located one hundred and eighty degree from the first
forward sensor 203a and therefore they are opposite each
other around the drive shaft. Using both the first forward
sensor 203a and second forward sensor 203¢ 1n conjunction
with forward grating 2035 allows the system to compensate
for translation of the grating 2035. The system 1s configured
to measure rotational oscillations based upon first forward
sensor 203a and the forward grating 2035.

[0022] Second sensor assembly 205 1s comprised of a first
ait sensor 205a and an aft grating 2035. Second aft sensor
205¢ may be utilized to increase the accuracy of the mea-
surement, second aft sensor 205¢ 1s preferably located one
hundred and eighty degree from the first aft sensor 2054 and
therefore they are opposite each other around the drive shaft.
The system 1s configured to measure torsional oscillations
and windup based upon first forward sensor 203a and the
forward grating 2035 1n conjunction with first aft sensor
205a and the aft grating 2055. The system measures rota-
tional oscillations with at least one of the sensors, and
measures torsional oscillations with at least one forward
sensor and one aft sensor. Additional sensors at the two
gratings increase the accuracy of the system. Furthermore,
additional gratings and sensors at other stations along the
length of the drive shait increases the accuracy of the
system.

[0023] During operation, torque produced by engine 115 1s
transferred to tail rotor blades 113 via tail rotor drive shaft
119. The torque load on tail rotor drive shait 119 can cause
a variable torsional deflection. The torsional deflection can
be referred to as a “wind-up” or “phase shift”, for example.
Further, the torsional deflection can be the result of torsional
loading 1n a variety of operational conditions. Sensor system
201 1s configured to detect the difference in “phase shift”
between the torsional detlections measured from first sensor
assembly 203 and second sensor assembly 205. A processor
207 1s configured to process the measurement data from
sensor system 201. In one embodiment, processor 207
communicates the measurement data to a pilot of rotorcratt
101 1n a display 209. More specifically, display 209 can
provide a visual indication of real-time torque values, as
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well as past torque values, experienced 1n tail rotor drive
shaft 119. Alternatively, the processor 207 communicated

the measured data to a health and usage monitoring system
(HUMS) 211.

[0024] Referring now also to FIG. 3, a perspective view of
a first sensor assembly 303 1s illustrated 1n conjunction with
the drive system of rotorcrait 101. First sensor assembly 303
preferably located adjacent the first hanger bearing ait of the
engine. First shait 304 1s located between the first hanger
bearing and the engine. Second shaft 3035 1s located between
the first hanger bearing and the second hanger bearing.
However, it should be apparent that other hanger bearing
locations are suitable for the sensor assembly. Measurement
of steady and oscillatory rotation 1s possible with a single
sensor assembly installation. Measurement of steady and
oscillatory windup requires at least two locations of sensor
assembly 1nstallations.

[0025] An algorithm stored in the processor compares
measured windup, both steady and oscillatory, to a reference
windup. Reterence windup 1s determinable from either ana-
lytical models and/or empirical observations. Faults in the
drive system and/or the rotor system, such as rubbing,
looseness, or wear, will create a different windup. Addition-
ally, transient conditions, such as a tail rotor bird strike, will
also lead to different windups when compared to the refer-
ence windup.

[0026] First sensor assembly 1s comprised of a first sensor
307, a second sensor 311, a support bracket 315, and radially
shaped grating 317. First sensor 307 and second sensor 311
are prelerably varniable reluctance sensors or Hall eflect
sensors that reacts to grating 317 rotating in close proximity
to the sensors. First sensor 307 and second sensor 311 are
located 180 degrees apart from each other mounted to
support bracket 315. Having two sensors 1n a sensor assem-
bly 1mproves accuracy, but a single sensor 1s suflicient in
most locations. Support bracket 315 typically mounts to the
airframe of the aircraft around the hanger bearing support
Alternatively bracket 315 mounts to the hanger bearing
support directly. First sensor 307 and second sensor 311 are
axially adjusted till the tip of the sensors 1s typically 1-2 mm
away from an outer edge of the radial grating 317. Radial
grating 317 1s typically ferrous and 1s mounted to the drive
shaft coupling 321. Drive shaft coupling 321 couples the
first drive shaft 304 and the second drive shatt 305.

[0027] Referring now also to FIG. 4, a plan view of a
radial grating 401 1s 1llustrated. Radial grating 401 includes
a center aperture 405 configured for allowing the drive shaft
coupling between the first drive shaft and the second drive
shaft to pass through the radial grating. Radial grating 401
has two holes 411 that allow the radial grating to be mounted
to the coupling. Radially extending or longitudinally extend-
ing from an outer edge of the radial grating are a dozen teeth
415 protrusions arrayed around a circumierence of the
grating. Other numbers of teeth 415 are contemplated. Since
the teeth 415 protrude from the grating 401, the sensors 307
and 311 can detect the teeth and not the rest of the grating
401. Since the grating 401 1s rigidly coupled to the coupling
and to the drive shaft, as the shait spins so does the grating
401. As the grating 401 spins in relation to the sensors, a
pattern emerges from the output of the sensors correspond-
ing to the teeth passing the sensors. As sensors are placed
along the length of a drive train, such as indicated in FIG. 2,
the windup and torque of the drive shaft can be determined
along the length of the drive train. While grating 401 has
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been described as a bolt on addition to existing drive train
couplings, 1t should be apparent that the grating 401 can be
made integral to the coupling to allow the grating to be the
drive shaft to drive shait coupler. Thereby reducing the
number of parts 1n a high speed critical area.

[0028] Referring now also to FIG. 5a, a graph of an
oscillatory torque 1s 1illustrated. Amplitude, such as 1n-Ib’s,
of the response versus frequency 1s graphed of an oscillatory
torque along a drive shaft in an un-faulted state. First spike
501, second spike 503, and third spike 505 indicate to the
system no faults. Referring now also to FIG. $b, a graph of
an oscillatory torque, featuring a fault, 1s 1llustrated. Ampli-
tude of the response versus frequency 1s graphed of an
oscillatory torque along a drive shaft in a faulted state.
Typically a fault, such as an o1l cooler rubbing, generates
additional spectral content such as fourth spike 507 and fifth
spike 509. The system detects the fourth spike 507 and the
fitth spike 509 and indicates that the oil cooler may be
rubbing. The processor 207 uses a look up table of spectral
data to compare measured data while detecting faults. The
look up table of spectral data 1s comprised of faults versus
spectral data. For example, the look up table indicates that
spikes like 507 and 509 at a certain frequency and amplitude
indicate the fault of an o1l cooler rubbing. The data 1nside the
lookup table 1s determinable from either analytical models
and/or empirical observations. Additional signal processing
and statistical feature extraction techniques, such as those
used for fault detection 1n accelerometer-based health moni-
toring systems, could be applied to torsional and rotational
spectra as well. These extracted features may be compared
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to fixed thresholds or trended over time to detect changes in
behavior that may indicate a fault. While oscillatory torque
1s shown 1n FIGS. Sa and 5b, oscillatory rotational ampli-
tude and other signals described above could be used 1n a
similar manner to detect faults 1n drive train systems.
[0029] The system of the present application provides
significant advantages, including: (1) providing diagnostic
and fault detection information about the drive train, (2)
measures windup and torque of the drive shatt, (3) does not
require the use of wireless high frequency rotating instru-
mentation, and (4) does not use accelerometers.

[0030] It 1s apparent that a system with significant advan-
tages has been described and 1illustrated. Although the sys-
tem of the present application 1s shown 1n a limited number
of forms, 1t 1s not limited to just these forms, but 1s amenable
to various changes and modifications without departing from
the spirit thereof.

1. A system for detecting torsional anomalies of an aircraft
during a failure, the aircrait having a first drive shait and a
second drive shaft, the system comprising:

a grating coupled to a first interconnection between the

first drive shaft and the second drive shaft:

a first sensor located in close proximity to first intercon-

nection; and

a processor for comparing a spectral analysis of an output

of the first sensor.

2. The system according to claim 1, wherein the grating
COmprises:

a plurality of teeth extending from the grating.
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