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CYCLIC TIME AVERAGING FOR MACHINE
MONITORING

RELATED APPLICATIONS

[0001] This patent application is a continuation of co-
pending U.S. application Ser. No. 10/903,949, filed Jul. 30,
2004, which is a continuation of U.S. application Ser. No.
10/313,766, filed Dec. 4, 2002, which claims priority to U.S.
Provisional Patent Application 60/336,807, titled “CYCLIC
TIME AVERAGING FOR MACHINE MONITORING,”
filed Dec. 4, 2001, all of which are incorporated by reference
in their entireties.

BACKGROUND OF THE INVENTION
[0002]

[0003] The invention generally relates to systems and
methods for monitoring the condition of a machine. More
particularly, the invention concerns systems and methods for
analysis of machine vibration signals to detect and evaluate
specific sources of energy contribution to the vibration
energy of the machine.

[0004] 2. Description of the Related Art

[0005] Tt is common for industrial and commercial facili-
ties to operate a large number of machines concurrently,
many of which may cooperate in a large interdependent
process or system. Despite increasingly efficient mainte-
nance programs, at any time some percentage of the
machines develop defects that are likely to lead to machine
failure. For example, machines having moving parts (e.g.,
bearings) experience constant friction that results in wear. It
is known that bearing failures are a major cause of motor
faults. Bearing damage due to wear may not be apparent,
however, absent gross damage or failure of the motor
because the bearing’s wear site is likely concealed in the
motor’s assembled state.

1. Field of the Invention

[0006] Consequently, the use of machine condition moni-
toring systems has become essential to preventive mainte-
nance of industrial machinery in order to avoid down time
or catastrophic failure of machines. Unscheduled plant shut-
downs can result in considerable financial losses. Failure of
high performance machinery can lead to fatal injury and
processing system backup. Typical benefits from a preven-
tive maintenance program include longer periods between
machinery shutdowns, evaluation of the condition of
machine components without resorting to costly and/or
destructive disassembly for visual inspection, and prolong-
ing the machinery’s operational life by taking corrective
action when developing faults are identified early.

[0007] Measurement and analysis of machine vibrations
typically includes sensing the machine’s vibrations with a
transducer that converts the vibration information to elec-
trical signals. The electrical signals are processed so that a
history of vibration amplitude over time can be obtained.
Data points representing amplitude at a certain point in time
may be plotted on a graph of amplitude versus time. This
graph is often referred to as the time-domain vibration
signature of the machine. FIG. 1 shows an exemplary graph
of time-domain vibration data. FIG. 1 is a plot of measured
acceleration of a point of a machine assembly over a period
of about eight seconds. The particular machine from which
this data was measured was rotating at 104.98 rpm, so FIG.
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1 shows data over the course of about 15 revolutions. Peak
values measured were about 0.025 g.

[0008] Rotating and reciprocating components of a
machine produce vibrations having a wide range of frequen-
cies. In addition to the time-domain data representation of
machine vibrations, the vibrations of a machine, machine
component, or other phenomena acting on the machine may
be characterized by a plot of vibration energy as a function
of vibration frequency. This diagram is commonly referred
to as a “frequency spectrum,”*spectral diagram,” or “spec-
trum plot.”FIG. 2 shows an exemplary frequency spectrum,
which was derived from the time-domain vibration data of
FIG. 1. Although the frequency scale is not illustrated in
FIG. 2, prominent peaks are seen at about 10-11 Hz (des-
ignated as peak 10) and about 87 Hz (designated as peak 20).

[0009] Sometimes it is useful to derive a “profile plot” of
the vibration data. FIG. 3 shows an exemplary profile plot
derived from one revolution of the machine rotor shaft. The
data of FIG. 3 corresponds to about the first 0.57 seconds of
the time-domain vibration data of FIG. 1, which is the time
for one revolution at 104.98 rpm. In a profile plot, the
measured acceleration is plotted as the radial distance from
a selected angular location on a circle 350 which represents
one revolution of the machine rotor. Conventionally, a
machine shaft orientation of zero degrees corresponds to the
top of the circle 350. Thus, a profile plot provides a visual
representation of the measured acceleration (or velocity, or
displacement as may be desired) as a function of the position
of the rotating machine shaft or other periodic event asso-
ciated with the machine.

[0010] The frequencies and associated peaks of the vibra-
tions of a specific machine collectively make up the “fre-
quency spectrum” for the machine, also known as the
machine’s “vibration signature.” A machine’s vibration sig-
nature varies with, for example, the design, manufacture,
application, and wear of its components. The machine’s
normal operating conditions determine the amplitude of
steady (or “normal”) vibration. It is a common practice to
obtain a reference frequency spectrum when the machine is
known to be in good condition for comparison against future
measurements of the machine’s frequency spectrum. Such
comparison aids in detecting changes in the condition of the
machine or its subcomponents. Hence, analysis of a
machine’s vibration signature provides valuable insights
into the condition of the machine.

[0011] A technique known as synchronous time averaging
(“STA”) has been utilized to detect the “fault energy”
contribution of a periodic signal as a means to troubleshoot
product quality problems on machinery, such as for example
a paper machine. STA is also commonly utilized by data
acquisition systems to boost the signal to noise ratio. STA
extracts from the time-domain data those signals that are
repetitive and synchronized to a physical event, e.g., the
rotation of a shaft. Upon the reception of a trigger signal, the
data acquisition system acquires N samples at a predeter-
mined sampling frequency F_. Hence, the total time for one
measurement is T=N/F_. Upon the next trigger event, the
system acquires and stores another N samples. Using STA,
the system then averages the two data sets, on a correspond-
ing sample-by-sample basis, that is, the first sample from the
first N samples is averaged with the first sample from the
second set of N samples, and so on. This averaging results
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in a derived time-domain waveform of N averaged data
points. The system may in a similar fashion acquire more
than two sets of N samples and use STA to produce the
averaged waveform. Thus, the total time required for acquir-
ing the data for processing with STA is (N/F)*A, with A
being the number of sets included in the averaging.

[0012] STA suppresses noise random to the signal syn-
chronized to the trigger event because the noise component
of the signal averages out after the system acquires and
averages multiple data sets. The periodic signal does not
average out because the system acquires the data based on
the trigger and thereby starts collection of the N samples in
synchronization with the periodicity of the physical event.

[0013] By way of example, to apply STA to signals from
a machine having a rotating shaft, typically the shaft is
configured to provide for a once-per-revolution signal that
occurs every time the shaft is in a particular position.
Another example is a belt and pulley system. To apply STA
to signals from the belt, a trigger provides a once-per-
revolution signal that occurs every time the belt is in a
particular position. The physical location of the trigger is not
critical, as long as it remains constant over each data
acquisition cycle. In the context of the profile plot of FIG. 3,
for example, the trigger event may correspond to the top of
the circle 350. Thus, in these conventional systems, if it is
desired to compute STA measurements for shaft related
phenomena as well as belt related phenomena using the
same sensor to see how each (i.e., the shaft and the belt)
phenomenon contribute to the vibration at the point of the
sensor, it is typically required to perform two different STA
measurements, each with its own set of averages and each
with its own trigger.

[0014] Notwithstanding the several methods available for
component defect detection and/or fault energy contribution
by analysis of a machine’s frequency spectrum or time-
domain data, there is a continuing need in the industry for
systems and methods that define current condition of the
machine and predict safe operating life accurately relying on
the fewest measurements and incurring the least cost.

SUMMARY OF THE INVENTION

[0015] The methods and systems of the invention have
several aspects, no single one of which is solely responsible
for its desirable attributes. Without limiting the scope of this
invention as expressed by the claims which follow, its more
prominent features will now be discussed briefly.

[0016] One aspect of the invention concerns a method of
monitoring the condition of a machine. The method com-
prises receiving a set of N sampled vibration amplitude
values taken at a corresponding set of discrete times during
operation of the machine. The method further comprises
deriving a set of n averaged amplitude data points, with n
being less than N, wherein each of the n averaged amplitude
points comprises an average of vibration amplitudes sepa-
rated by a period M, and wherein at least some of the
vibration amplitudes used in deriving the set of n averaged
amplitude data points do not correspond to any of the N
sample values.

[0017] Another feature of the invention is directed to a
method of monitoring the condition of a machine. The
method comprises generating a time-series vibration ampli-
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tude data set comprising N data points over a time period
greater than a time period M without re-triggering data
acquisition during the acquisition of said N points. The
method further comprises deriving n averaged data points,
wherein each of the n points is representative of average
amplitudes for points of the time-series data separated in
time by said period M.

[0018] In one embodiment, the invention concerns a sys-
tem for monitoring the condition of a machine. The system
comprises a data storage module that receives and stores N
sampled vibration amplitude values taken at a corresponding
set of discrete times spanning a period of operation of the
machine. The system further comprises a data analyzer
module, which is in communication with said data storage
module. The data analyzer module is configured to derive
from said N values a set of n averaged amplitude data points,
wherein (a) n is less than N, (b) each of said n points
comprises an average of vibration amplitudes separated by
a period M, and (c) at least some of the amplitudes used to
derive said set of n points do not correspond to any of said
N values.

[0019] Another feature of the invention is directed to a
system for monitoring the condition of a machine. The
system comprises a data acquisition module configured to
generate a time-series vibration amplitude data set. The
time-series data set comprises N data points over a time
period greater than a time period M. The data acquisition
module is configured to generate said N data points inde-
pendently of a repeating synchronizing trigger signal. The
system further comprises a data analyzer module configured
to derive n averaged data points, wherein each of said n
points is representative of average amplitudes for points of
said time-series data separated in time by M.

[0020] Yet another aspect of the invention relates to a
system for monitoring the condition of a machine. The
system comprises a data storage module that receives and
stores time-series data. The time series data comprises N
sampled vibration amplitude values with corresponding
times, wherein said time-series data spans a period of
operation of the machine. The system further comprises a
data analyzer module, which is in communication with said
data storage module, configured to derive from said N values
a set of n averaged amplitude data points. The data analyzer
module derives the n data points such that n is less than N,
each of said n points comprises an average of vibration
amplitudes separated by a period M, and at least some of the
amplitudes used to derive the n points are estimated from
interpolation between at least one pair of said N values.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The above and other aspects, features, and advan-
tages of the invention will be better understood by referring
to the following detailed description, which should be read
in conjunction with the accompanying drawings, in which:

[0022] FIG. 1 is a graph of a machine’s time-domain
vibration data before processing with the systems and meth-
ods of the invention.

[0023] FIG. 2 is a graph of the frequency spectrum of the
time-domain data of FIG. 1.

[0024] FIG. 3 is a profile plot of a portion of the time-
domain data shown in FIG. 1.
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[0025] FIG. 4 is a block diagram of an exemplary system
in accordance with the invention for energy contribution
detection through cyclic time averaging.

[0026] FIG. 5 is a flowchart of an exemplary process of
energy contribution detection through cyclic time averaging
in accordance with the invention.

[0027] FIG. 6 is a profile plot of the time-data shown in
FIG. 1 after processing with an exemplary system and
method of the invention.

[0028] FIG. 7 is a diagram showing the percent of energy
contribution of different phenomena related to a monitored
machine. The data for this diagram was obtained in part
through the use of the method shown in FIG. 5.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0029] Embodiments of the invention will now be
described with reference to the accompanying figures,
wherein like numerals refer to like elements throughout. The
terminology used in the description presented herein is not
intended to be interpreted in any limited or restrictive
manner, simply because it is being utilized in conjunction
with a detailed description of certain specific embodiments
of the invention. Furthermore, embodiments of the invention
may include several novel features, no single one of which
is solely responsible for its desirable attributes or which is
essential to practicing the inventions herein described.

[0030] In general terms, embodiments of the invention
concern a cyclic time averaging (“CTA”) method and a
related system for deriving an averaged waveform suitable
for a profile plot display (see FIG. 6), which depicts energy
contributions using time-domain data in a circular diagram
limited to one period of the phenomenon under consider-
ation. In some embodiments, CTA uses a time waveform as
acquired by a data acquisition system and produces an
averaged waveform as if multiple STA data sets were
acquired and averaged by the data acquisition system. CTA
is useful in “contribution analysis,” i.e., a technique that
enables the allocation of vibration energy to particular
sources in a complex signal.

[0031] As already stated above, FIGS. 1, 2 and 3 illustrate
conventional presentations of the vibration signature of a
machine in the time-domain (FIG. 1), frequency spectrum or
“frequency domain” (FIG. 2), and a profile plot (FIG. 3). A
system 100, as described below with reference to FIG. 4,
employs the CTA method to process the machine’s time-
domain vibration data to produce a profile plot and an
“energy contribution” graph, as shown respectively in FIG.
6 and FIG. 7.

[0032] FIG. 4 illustrates a system 100 for monitoring the
condition of a machine in accordance with one embodiment
of the invention. The system 100 consists of a data acqui-
sition module 110 in communication with a computer 130.
The data acquisition module 110 is coupled to a machine 120
for detecting vibrations of the machine 120. The data
acquisition module 110 transmits the vibration data to the
computer 130, which analyzes the vibration data to evaluate
energy contributions by, for example, a faulty component
(not shown) of the machine 120.

[0033] In some embodiments, the data acquisition module
110 comprises a vibration sensor 112 that is coupled to the
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machine 120 to detect vibrations of the machine 120. The
vibration sensor 112 is typically configured to measure one
or more of the three basic parameters of vibrations, namely
displacement (i.e., amplitude), velocity, and acceleration.
Typically, the vibration sensor 112 converts the motion of
the vibrating machine 120 into electrical signals. These
vibration sensing devices and their use are well known by
persons of ordinary skill in the relevant technology.

[0034] The data acquisition module 110 may also com-
prise a signal conditioner, feature extractor and digitizer 114.
The vibration sensor 112 transmits the vibration signals to a
signal conditioner and digitizer 114 that consists of electrical
circuits for conditioning (e.g., amplifying and/or filtering),
extracting features, and digitizing the vibrations signals.
Device 114 may be configured to perform analog post
processing to enhance certain features of the signal before
digitizing. For example, the device 114 may use acceleration
enveloping to enhance repetitive signals. The electrical
circuits of the signal conditioner, feature extractor and
digitizer 114 are well known in the relevant technology.

[0035] The computer 130 may be any computing device
that is configured to receive, store, and analyze the vibration
data transmitted to the computer 130 by the data acquisition
module 110. The computer 130 may be, for example, a
server computer, a personal computer, a portable computer,
a handheld computer, or a personal digital assistant, etc.

[0036] The computer 130 comprises a data storage module
132 in communication with a data analyzer module 136. The
data storage module 132 may be any nonvolatile memory
storage device, such as a hard drive, magnetic tape, etc. The
data storage module 132 has one or more databases 134 for
storing the data provided by the signal conditioner and
digitizer 114. The database 134 may be a data storage
structure in the form of a list, table, or relational database,
as is well known in the relevant technology.

[0037] The computer 130 also comprises a central proces-
sor 140 that is in communication with the data storage
module 132 and the data analyzer module 136. The central
processor 140 coordinates communications between the data
analyzer module 136 and the data storage module 132, and
generally aids in the processing of data.

[0038] The data analyzer module 136 consists of one or
more software/hardware or firmware components for ana-
lyzing the vibration data of the machine 120 to produce
visual displays of the data which assist machine mainte-
nance personnel in identifying and correcting machine
operational problems or defects. In other embodiments, the
data analyzer module 136 process the time-domain vibration
data of a machine and identifies energy contributions from
different periodic phenomena associated with the machine
120. The data analyzer module 136 comprises a cyclic time
averager 138 (“averager 138”) that analyzes the vibration
data (i.e., the time-domain signals of the vibrations of the
machine 120) to produce a value indicative of, for example,
the energy contribution to the machine’s vibrations by a
component of the machine. The operation and use of the
averager 138 will be described in further detail below with
reference to FIGS. 5-8.

[0039] Tt should be understood that the structure of the
system 100 as depicted in FIG. 4 is only exemplary of one
system in accordance with the invention. More particularly,
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it will be apparent to a person of ordinary skill in the relevant
technology that that the data acquisition module 110 and the
computer 130 need not be two separate devices. That is, in
some embodiments the data acquisition module 110 module
may be integral with (i.e., be a part of, or located in) the
computer 130. Conversely, it is not necessary that any of the
components of the system 100 be commonly housed or in
each other’s vicinity. For example, the vibration sensor 112
may be attached to the machine 120 and remotely located
from the signal conditioner and digitizer 114. In such a case,
the vibration sensor 112 may transmit the vibration data to
the signal conditioner and digitizer 114 via wireless com-
munication, for example. Similarly, the data storage module
132, data analyzer module 136, and central processor 140
may communicate via wireless or hard-wired channels, and
may be located remotely from each other. Moreover, it will
be readily recognized by the person of ordinary skill in the
relevant technology that the system 100 may comprehend
multiple vibration sensors 112 on multiple machines 120
providing vibration data to one or more computers 130.

[0040] A typical use of the system 100 will now be
described. The vibration sensor 112 collects vibration data
from a machine 120. The vibration sensor may comprise a
piezoelectric crystal which has an electrical output that
depends on the acceleration experienced by the crystal. The
vibration sensor 112 transmits the vibration data to the signal
conditioner and digitizer 114. The signal conditioner and
digitizer 114 may, for example, amplify the electrical signals
and filter out noise. Preferably, the signal conditioner and
digitizer 114 also digitizes the electrical signals for commu-
nication to the computer 130. The signal conditioner and
digitizer may also transform raw acceleration measurements
to velocity or displacement data as well. Advantageously,
although data acquisition may be initiated by some trigger
signal or other event, the data acquisition process may
proceed from such an event without being re-triggered
periodically by a signal generated by a specific machine
component position such as a shaft or belt orientation.

[0041] The computer 130 receives the vibration data from
the data acquisition module 110 for further processing. The
computer 130 stores the vibration data, e.g., the time domain
response, in the database 134. The data analyzer module
136, in cooperation with the central processor 140, retrieves
the vibration data from the data storage module 132 for
analysis by the averager 138. The computer 130 may further
evaluate the time-domain response of the machine 120 to
determine the energy contribution of a component of the
machine to the overall vibration energy of the machine. As
will be described in additional detail below, the averager 128
may produce a time averaged time-domain vibration signal
which is averaged over a user defined period M.

[0042] FIG. 5 is a flowchart of a process 200 of deriving
an averaged time waveform for use in a profile plot such as
shown in FIG. 6. The process 200 starts at a state 205. The
process 200 next proceeds to a state 210 wherein the system
data analyzer module 136 receives N time-domain vibration
amplitude data points for the machine 120, separated by a
sampling interval of I/F,. As mentioned above, the data is
advantageously acquired without having data acquisition
re-triggered periodically by a signal generated by a specific
machine component position such as a shaft or belt orien-
tation. Alternatively, of course, the data analyzer module 136
may receive a previously produced frequency spectrum data
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set which can be converted to a time-domain data set of N
points through well known techniques.

[0043] Inmany cases, the set of N time-domain data points
has already been acquired or produced and is stored in the
system 100; however, the inventive method can also be used
as data is continuously acquired on a point by point basis if
desired. The process 200 continues to a state 215, wherein
the system 100 retrieves or accepts a time period M that is
used to average the time-domain data. M may be user
selected, and may be based on the known period of a
phenomenon associated with the machine 120. For example,
M may be the rotational period of a shaft of a motor driven
pump, or M may be the period of rotation of a roller in a
paper processing machine. In preferred embodiments, M is
the known period of a certain cyclic phenomenon that
correlates to the vibrations of the machine 120. Although it
is not absolutely necessary, M is preferably less than one-
half of the length of time spanned by the N samples at a
sampling frequency of F..

[0044] The process 200 next proceeds to a state 220
wherein the averager 138 uses a novel averaging algorithm
to produce an averaged time domain waveform from the N
data points of time-domain vibration data from the machine
120. The averager 138 calculates the average of samples of
the time-domain data that are separated by integer multiples
of the selected length of time M. That is, the averager 138
averages a first sample j from the N samples, taken at time
T, with the measured or estimated vibration amplitude value
at time T;+M, T;+2M, T;+3M, and so on for the length of
time spanned by the N sampled values.

[0045] Tt is one advantageous aspect of the system that the
time period M need not correspond to an integer number of
sample periods, each of which equals 1/F_. Thus, in some
cases, the time M may correspond to an exact number n of
sample periods, where n is an integer. In this case, a given
sample p will be averaged with samples p+n, p+2n, p+3n,
and so on. In other cases, where M is such that a whole
number of sample periods do not correspond to the time
frame represented by M, such that M is equal to n+a sample
periods, where a is a number between 0 and 1, the averager
138 averages a given sample p with the amplitude of the
waveform at times corresponding to p+(n+a), p+2(n+av),
p+3(n+a), and so on. However, because there are no mea-
sured samples at these times, it is advantageous to estimate
the amplitude at these times by interpolating between
samples in order to obtain an accurate average. For example,
if n+a is 155.5, the averager 138 averages the first sample
with an interpolated value halfway between samples 156 and
157, sample 312, the interpolated value halfway between
samples 467 and 468, sample 623, and so on. Similarly,
toward the end of the time period M, sample 156 would be
averaged with an interpolated value halfway between
samples 311 and 312, sample 467, the interpolated value
halfway between samples 622 and 623, sample 778, and so
on. In this manner, the averager 138 produces 156 averaged
samples representative of one cyclic time period M. The
averager 138 may be configured to employ any suitable
interpolation algorithm, including linear or B-spline inter-
polation.

[0046] The averager 138 produces an averaged waveform
comprising about n averaged values that describes the
energy content produced by a phenomenon in synchroniza-
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tion with the period M. After averaging the time-domain
data at the state 220, the process 200 ends at a state 225.

[0047] The result of applying CTA to the time-domain
data set of FIG. 1, in accordance with the methods described
above for example, is depicted in the profile plot of FIG. 6.
The time waveform 600 reveals six peaks, namely features
602, 604, 606, 608, 610, and 612 of waveform per cycle. For
this plot, the period M equaled the period of rotation of the
roll shaft of a paper processing machine (104.98 Hz in this
example), with the averaging performed over about 14
revolutions. In contrast, the profile plot of FIG. 3 is for one
revolution only. A comparison of the FIG. 6 plot with the
FIG. 3 plot shows how the energy at 10-11 Hz illustrated in
the spectrum plot of FIG. 2 is masked by noise over one
revolution, but that the CTA averaging technique described
above successfully pulls this signal out of the noise over
several revolutions. The additional contribution at 87 Hz
(peak 20 of FIG. 2) is visible as the jagged subpeaks on top
of the six longer period peaks in FIG. 6.

[0048] 1t will be appreciated that CTA processed time-
domain data may also be used to generate an “energy
contribution” or “fault contribution” graph as depicted in
FIG. 7. By utilizing different values for M, vibration energy
associated with different sources can be separated from one
another. The horizontal dimension of FIG. 7 measures
percent energy contribution, and the vertical dimension
presents various energy contribution phenomena. In particu-
lar, the graph of FIG. 7 shows the total vibration energy 705
of the paper processing machine used to take the data of
FIGS. 1-3, which of course would measure 100% on the
horizontal dimension of FIG. 7. The percent energy contri-
bution of the roller is represented by the bar 710, that of the
felt by the bar 715, and that of periodic pulsations are
represented by bar 720. These percentages are derived from
analyzing the time-domain data of the vibration of the
machine 120 using the specific periods of associated with
each of the roller, felt, and pulsation phenomena. The
averaging method can thus be used to process the same data
set using different values for M, thereby removing the need
to produce different data sets which were collected by
periodically re-triggering data acquisition in response to
some component of the machine 120.

[0049] Without intending to limit the scope of the inven-
tion as defined by the claims, the following observations are
made in relation to the use of CTA to analyze time-domain
vibration data. When the averaging period M is indicative of
the period of rotation of main machine component, for
example a power shaft, the accuracy of CTA for separating
“fault components” embedded in the machine’s vibration
signature is determined in part by one or more of the
following factors: the accuracy in measurement of the speed
of the shaft, accuracy of the ratio of the speed of the shaft
to the fault component speed; the relation between the
number of data samples N and the sampling frequency F_,
preferably N+(2.56 F)>10M; and the variability of the
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harmonic phase of the fault component’s signal, wherein a
fixed phase relationship of the harmonic series contributes to
more accurate CTA.

[0050] It should also be noted that the system 100 does not
require use of a periodic trigger signal since CTA does not
depend on synchronization of the time-domain vibration
data with a trigger signal. This is to be contrasted with STA
which requires an external triggering device for each “fault
component” under analysis. As has been explained above,
CTA not only obviates the need for multiple triggers, but it
also reduces measurement time and provides flexibility in
analyzing the acquired data.

[0051] While the above detailed description has shown,
described, and pointed out novel features of the invention as
applied to various embodiments, it will be understood that
various omissions, substitutions, and changes in the form
and details of the device or process illustrated may be made
by those skilled in the art without departing from the spirit
of the invention. The scope of the invention is indicated by
the appended claims rather than by the foregoing descrip-
tion. All changes which come within the meaning and range
of'equivalency of the claims are to be embraced within their
scope.

What is claimed is:
1. A system for analyzing vibration data, said system
comprising:

an input port configured to receive a plurality of vibration
amplitude samples taken at discrete sampling times;

a first module configured to estimate vibration amplitudes
at times between at least one pair of adjacent discrete
sampling times;

a second module configured to use said estimated vibra-

tion amplitudes in performing a cyclic average.

2. The system of claim 1, wherein said first module
comprises an interpolator.

3. The system of claim 2, wherein said vibration ampli-
tude samples are taken from a machine having a character-
istic repeated cyclic phenomena recurring over a period M.

4. The system of claim 3, wherein adjacent discrete
sampling times are separated by a time period of 1/F_, where
F, is a sampling frequency, and wherein period M=(n+a.)/F,
wherein n is an integer, and o is a number between 0 and 1.

5. The system of claim 3, wherein said second module
comprises an averager configured to produce an average
vibration amplitude by computing the average of a first
sampled value at time p and the sampled or interpolated
vibration amplitude value at one or more later times p+m(n+
a), where m is an integer, wherein n is an integer, and « is
a number between 0 and 1.

6. The system of claim 1, wherein said second module is
configured to perform the cyclic average independent of a
trigger signal.



