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The present invention relates to a smart system and method
of performing high-resolution frequency order analysis/
diagnosis on rotor, in which such system is characterized in
that capable of performing order analysis via a Kalman filter
or a RLS (Recursive Least Square) algorithm while deter-
mining the failure status based on the Fuzzy theory. The
smart system of present invention comprises a data acqui-
sition means, a bench data setup means, a STFT time-spectra
analysis/re-sampled order tracking means, a Kalman filter or
RLS algorithmic means, a fuzzy diagnosis means and a
window interface (¢.g., GUI) while repeatedly making use
the functions of those means so as to achieve the real-time
diagnosis on rotor.
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HIGH-RESOLUTION INTELLIGENT ROTOR
MACHINE DIAGNOSTIC SYSTEM AND METHOD

FIELD OF THE INVENTION

[0001] The present invention relates to a smart system and
method of performing high-resolution frequency order
analysis/diagnosis on rotor, characterized in that such sys-
tem performs a real-time on-line frequency order diagnosis
via a STFT (Short Time Fourier Transform) time-spectra
analysis/re-sampled order tracking means, a Kalman filter or
RLS algorithmic means, and a fuzzy diagnosis means.

RELATED ART

[0002] In the industrialization countries, there is relative
high need on mechanical maintenance and diagnosis. Con-
ventional mechanical maintenances are performed largely
through failure restore, time-based maintenance and predic-
tive maintenance. According to the result of analysis, per-
forming the predictive maintenance provides the minimum
loss in the system performance while increasing the yield
and reducing the cost of production. As for the diagnosis
technique, the conventional method relies on the instinct of
a skilled technician to provide a predictive maintenance
while the modern method relies on diagnosis mechanism.

[0003] As disclosed in the official gazette of R.O.C. patent
no. 505781 of title “Device for Vibration Diagnosis on
Shaft” issued at Oct. 11, 2002, a vibration diagnosis device
comprises a detection unit, an algorithmic processing unit, a
display unit and a power generation unit. Such device is
mainly used to monitor the status of a shaft and to evaluate
the degree of failure in accordance with a preset alarm value
based on the variation of acoustic pressure in impact pulses.
The characteristic of such diagnosis device is in that taking
the pivot rotation as the source to supply the power need of
the device.

[0004] As disclosed in the official gazette of R.O.C. patent
no. 286359 of title “Method of performing vibration diag-
nosis on degradation and failure of roller rotation mecha-
nism” issued at Sep. 21, 1996, the analysis is performed in
the following steps: (a) measuring the vibration signal of a
roller; (b) determining whether the measured signal is
greater than said alarm value, if not, display a message of
normal status and end the process, if yes, then continue the
process of analysis; (¢) determining whether the wave height
ratio is greater than 4.5, if not, move the process to step (d),
if yes, move the process to step (e); where in step (d)
calculating the central frequency through spectra transfor-
mation while outputting the central frequency fall between
the upper and lower limit of said alarm value and ending the
process; and in step (e) finding the repetition frequency of
impact pulses so as to compare with the characteristic value
of failure while outputting the result and ending the process.

[0005] As disclosed in U.S. Pat. No. 6,289,735 of title
“Mechanical diagnosis system and method used for vibra-
tion analysis”, more than one sensors are used to conduct the
vibration measurement. Firstly, determining the position of
the critical frequency and the resonance frequency of a
bench by comparing the relative magnitude between each
harmonic, and then identifying the adjacent harmonics based
on said critical frequency while evaluating the status of the
bench via a neural network and an expert system.
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[0006] However, the prior technique has the following
disadvantage: (1) limitation applied to the resolution and
status analyzing conducted through a conventional method
of order analysis based on Fourier transform; (2) current
order analysis based on the Kalman filter is conducted under
off-line condition; (3) such diagnosis technique is conducted
in accordance with a time- or frequency-based alarm value
therefore it is impossible to achieve an effective diagnosis on
complicated failure states; and (4) such technique relies
completely on an highly experienced technician to conduct
a post-result judgment on the process.

[0007] Therefore, to improve the above disadvantage, it is
necessary to develop a method capable of performing on-
line measurement so as to conduct the diagnosis and failure
analysis on complicated states.

SUMMARY OF THE INVENTION

[0008] Based on the problem encountered in the prior art,
an object of present invention is to provide a smart system
and method of performing high-resolution frequency order
analysis/diagnosis on rotor.

[0009] The high-resolution frequency order analysis/diag-
nosis system of present invention comprises: (a) a data
acquisition means, for measuring the vibration signal and
tacho signal of a rotor; (b) a bench data setup means, for
creating fundamental data of the bench in accordance with
the measured vibration signal and tacho signal of the rotor
as well as the characteristic of the bench itself; (c) a STFT
(Short Time Fourier Transform) time-spectra analysis/re-
sampled order tracking means, for obtaining the primary
data of the frequency distribution for rotor operated in
non-constant tacho by conducting a short-time Fourier trans-
formed (STFT) time-spectra analysis and re-sampled order
tracking in accordance with measured vibration signal and
tacho signal; (d) a Kalman filter or RLS algorithmic means,
for obtaining a high-resolution frequency order energy dis-
tribution of on-line updateable type by a model based
Kalman filter frequency order analysis technique using the
measured vibration signal and tacho signal as input data and
parameters setup by the computation result of the time-
spectra analysis and re-sampled order analysis; (¢) a fuzzy
diagnosis means, for incorporating frequency order energy
distribution calculated by the Kalman filter or RLS algo-
rithmic means with data created by the bench data setup
means to achieve a fuzzy diagnosis conclusion in accor-
dance with a preset fuzzy diagnosis logic; and (f) a window
interface (e.g., GUI), for outputting a diagnosis of failure
type and order information in accordance with the fuzzy
diagnosis conclusion achieve by the fuzzy diagnosis means,
while repeatedly making use the functions of those means so
as to achieve the real-time diagnosis on rotor. Also, the fuzzy
diagnosis means is adaptive to different bench so as to have
different result on fuzzy relationship and alarm value.

[0010] In another viewpoint, the above diagnosis system
may use an analysis means of RLS (Recursive Least Square)
algorithmic type instead of an analysis means of the Kalman
filter type. Said RLS algorithmic means can obtain a high-
resolution frequency order energy distribution of on-line
updateable type by a model based Kalman filter frequency
order analysis technique using the measured vibration signal
and tacho signal.

[0011] The high-resolution frequency order analysis/diag-
nosis method of present invention comprises the following
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steps: (a) measuring the vibration signal of a rotor apparatus;
(b) creating fundamental data of the bench in accordance
with the vibration signal and tacho signal measured in step
(a) as well as the bench characteristic of the rotor; (c)
obtaining the primary data of frequency distribution of a
rotor operated in non-constant tacho by conducting a short-
time Fourier transformed (STFT) time-spectra analysis and
re-sampled order tracking in accordance with the measured
vibration signal and tacho signal; (d) obtaining a high-
resolution frequency order energy distribution of on-line
updateable type by a model based Kalman filter frequency
order analysis technique using the vibration signal and tacho
signal measured in step (a) and parameters generated from
the computation result of step (b); (e) incorporating fre-
quency order energy distribution calculated in step (d) with
data created in step (b) to achieve a fuzzy diagnosis con-
clusion in accordance with a preset fuzzy diagnosis logic;
and (f) outputting a diagnosis of failure type and order
information in accordance with the fuzzy diagnosis conclu-
sion draw from step (¢); while repeatedly conducting steps
(), (d), (e) and (f) so as to achieve the real-time diagnosis
on rotor. Also, the fuzzy diagnosis conducted in step (e) is
adaptive to different bench so as to have different result on
fuzzy relationship and alarm value.

[0012] In another viewpoint, the above diagnosis system
may use an analysis means of RLS (Recursive Least Square)
algorithmic type instead of an analysis means of said Kal-
man filter type. The RLS algorithm can obtain a high-
resolution frequency order energy distribution of on-line
updateable type by a model based Kalman filter frequency
order analysis technique using the measured vibration signal
and tacho signal.

DETAILED DESCRIPTION OF THE
INVENTION

[0013] In the following context, the detailed description
on the preferred embodiment of present invention will be
given with reference to the attached figures, in which similar
parts are denoted with same reference numbers.

[0014] The object of present invention is to provide a
smart system and method of performing high-resolution
frequency order analysis and diagnosis on rotor apparatus.
The rotor apparatus generally refers to a rotary mechanical
system such as car engine, rotor set of power generator,
machining bench (e.g., lathe), power system of ship and etc.

[0015] The high-resolution frequency order analysis/diag-
nosis smart system of present invention is constituted of
several means with different function as follows:

[0016] (a)a data acquisition means 1, for measuring the
vibration signal and tacho signal of a rotor; in one
embodiment, the data acquisition means compriscs
components such as a accelerating gauge for measuring
the vibration signal of a rotor in rotary apparatus, a fiber
trigger sensor for recording the variation of tacho on
rotor, a digital signal processing card for processing
data from said accelerating gauge and said fiber trigger
sensor so as to calculate therefrom an estimated tacho;

[0017] (b) a bench data setup means 2, for creating
fundamental data of the bench in accordance with the
measured vibration signal and tacho signal of the rotor
as well as the characteristic of the bench itself; in one
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embodiment, data including fuzzy measurement and
fuzzy relation are created for the fuzzy diagnosis of
failure at the late stage,

[0018] (c) a STFT time-spectra analysis/re-sampled
order tracking means 3, for obtaining the primary data
of frequency distribution for rotor operated in non-
constant tacho by conducting a short-time Fourier
transformed (STFT) time-spectra analysis and
re-sampled order tracking in accordance with the mea-
sured vibration signal and tacho signal;

[0019] (d) a Kalman filter or RLS algorithmic means 4,
for obtaining a high-resolution frequency order energy
distribution of on-line updateable type by a model
based Kalman filter frequency order analysis technique
using the measured vibration signal and tacho signal as
input data and parameters setup by the computation
result of the time-spectra analysis and re-sampled order
tracking; in comparison with prior technology, it is
advantageous that such means is capable of providing
a high-resolution on-line display for the diagnosis
result;

[0020] () a fuzzy diagnosis means 3, for incorporating
frequency order energy distribution calculated by the
Kalman filter or RLS algorithmic means with data
created by the bench data setup means to achieve a
fuzzy diagnosis conclusion in accordance with a preset
fuzzy diagnosis logic; in one embodiment, incorporat-
ing the frequency order energy distribution calculated
by the Kalman filter or RLS algorithmic means 4 with
data created by the bench data setup means 2 to achieve
a fuzzy diagnosis conclusion in accordance with a
preset fuzzy diagnosis logic;

[0021] (f) a window interface (e.g., GUI) means 6,
constituted of a personal computer (PC) having GUI
software installed therein for outputting a diagnosis of
failure type and order information in accordance with
the fuzzy diagnosis conclusion achieve by the fuzzy
diagnosis means 5; the execution of said GUI software
in PC can also play the role of parameter input interface
other than a diagnosis result output means, that is to the
such GUI means 6 is actually a man-to-machine inter-
face (MMI).

[0022] By repeatedly making use the functions of those
means, it is possible for said system to provide the on-line
display/update for the dynamic operating characteristic of
the tested rotor so as to achieve the real-time diagnosis on
rotor.

[0023] In another embodiment, the above diagnosis sys-
tem may use an analysis means of RLS (Recursive Least
Square) algorithmic type instead of an analysis means of the
Kalman filter type. Said RLS algorithmic means can obtain
a high-resolution frequency order energy distribution of
on-line updateable type by a model based Kalman filter
frequency order analysis technique using the measured
vibration signal and tacho signal.

[0024] The high-resolution frequency order analysis/diag-
nosis method of present invention comprises the following
steps:

[0025] (a) measuring the vibration signal of a rotor
apparatus,
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[0026] (b) creating fundamental data of the bench in
accordance with the vibration signal and tacho signal
measured in step (a) as well as the characteristic of the
bench itself;

[0027] (c) obtaining the primary data of frequency
distribution for rotor operated in non-constant tacho by
conducting a short-time Fourier transformed (STFT)
time-spectra analysis and re-sampled order tracking in
accordance with the measured vibration signal and
tacho signal;

[0028] (d) obtaining a high-resolution frequency order
energy distribution of on-line updateable type by a
model based Kalman filter frequency order analysis
technique using the vibration signal and tacho signal
measured in step (a) and parameters generated from the
computation result of step (b);

[0029] (e) incorporating frequency order energy distri-
bution calculated in step (d) with data created in step
(b) to achieve a fuzzy diagnosis conclusion in accor-
dance with a preset fuzzy diagnosis logic; and

[0030] (D) outputting a diagnosis of failure type and
order information in accordance with the fuzzy diag-
nosis conclusion draw from step (e); while repeatedly
conducting steps (2), (d), () and (f) so as to achieve the
real-time diagnosis on rotor. In another embodiment,
the diagnosis system may use a RLS (Recursive Least
Square) algorithmic analysis instead of said Kalman
filter analysis performed instep (d). In comparison with
the prior technology, it is advantageous for the possi-
bility of obtaining a high-resolution frequency order
energy distribution of on-line updateable type by a
model based Kalman filter frequency order analysis
technique using the measured vibration signal and
tacho signal.

[0031] Now refer to FIG. 1, it is a flow chart showing the
method of performing high-resolution order analysis/diag-
nosis on rotor. To conduct such method, the present inven-
tion provides a system comprises: a data acquisition means
1, for measuring the vibration signal and tacho signal of a
rotor; a bench data setup means 2, for creating fundamental
data of the bench in accordance with measured vibration
signal and tacho signal of the rotor as well as the charac-
teristic of the bench itself; a STFT time-spectra analysis/re-
sampled order tracking means 3, for conducting a short-time
Fourier transformed (STFT) time-spectra analysis and re-
sampled order tracking; a Kalman filter or RLS algorithmic
means 4, including a Kalman filter and a RLS algorithm; (e)
a fuzzy diagnosis means 3, including a fuzzy logic unit and
a fuzzy deduction unit to achieve the fuzzy diagnosis
standard; and (f) a window interface (e.g., GUI), for out-
putting a diagnosis of failure type and order information.
While by repeatedly conducting those diagnosis steps, it is
then possible to achieve the object of present invention.

[0032] As shown in FIG. 2-5, the test result of a four-
stroke car engine under a condition with single cylinder
failed to be ignited. In FIG. 2, showing the order energy
distribution obtained by a prior technique based on STFT,
while the diagnosis of such data is given in FIG. 3.

[0033] On the other hand, it is shown in FIG. 4 the order
energy distribution obtained by performing Kalman filter
algorithm, while the diagnosis of such data is given in FIG.
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5. By comparing the diagnosis results of FIG. 3 and FIG. 5
under the same failure condition, it can be seen that a much
clear and more precise order energy distribution is obtained
by performing high-resolution frequency order analysis/
diagnosis of present invention in comparison to the result
obtained from prior technique. FIG. 6 and FIG. 7 are
diagrams showing the parameter setup screen of window
interface. FIG. 8 is a diagram showing a result-display
screen of window interface. FIG. 9 is a diagram showing the
failure diagnosis screen of a window interface.

[0034] Those who skilled in this technique will understand
that above described are preferred embodiments of present
invention but not intended to be the limit of the invention.
It should be noted that various modification and change of
the embodiment and its equivalence is considered to fall
within claims as follows:

BRIEF DESCRIPTION OF DRAWINGS

[0035] FIG. 1 is a flow chart showing a method of
performing diagnosis on rotor system in accordance with an
embodiment of present invention.

[0036] FIG. 2 is a diagram showing the order energy
distribution obtained from a method of analysis in accor-
dance with prior art.

[0037] FIG. 3 is a diagram showing the result of diagnosis
determined by the method shown in FIG. 2.

[0038] FIG. 4 is a diagram showing the order energy
distribution obtained from a method of analysis in accor-
dance with present invention.

[0039] FIG. 5is a diagram showing the result of diagnosis
determined by the method shown in FIG. 4.

[0040] FIG. 6 and FIG. 7 are diagrams showing the
parameter setup screen of window interface.

[0041] FIG. 8 is a diagram showing a result-display
screen of window interface.

[0042] FIG. 9 is a diagram showing the failure diagnosis
screen of a window interface.

DESCRIPTION OF SYMBOL
[0043] Numeral Elements
[0044]

[0045] 2 station data setup means

1 data acquisition means

[0046] 3 STFT time-spectra analysis/re-sampled order
tracking means

[0047]
[0048]
[0049]

4 Kalman filter or RLS algorithmic means
5 fuzzy diagnosis means

6 window interface

1. A high-resolution frequency order analysis/diagnosis
smart system for rotor, comprising:

(2) a data acquisition means, for measuring the vibration
signal and tacho signal of a rotor;

(b) a bench data setup means, for creating fundamental
data of the bench in accordance with the measured
vibration signal and tacho signal of the rotor as well as
the characteristic of the bench itself;
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(c) a STFT time-spectra analysis/re-sampled order track-
ing means, for obtaining the primary data of the fre-
quency distribution for rotor operated in non-constant
tacho by conducting a short-time Fourier transformed
(STFT) time-spectra analysis and re-sampled order
tracking in accordance with measured vibration signal
and tacho signal,

(d) a Kalman filter means, for obtaining a high-resolution
frequency order energy distribution of on-line update-
able type by a model based Kalman filter frequency
order analysis technique using the measured vibration
signal and tacho signal as input data and parameters
setup by the computation result of the time-spectra
analysis and re-sampled order tracking;

(¢) a fuzzy diagnosis means, for incorporating frequency
order energy distribution calculated by the Kalman
filter or RLS algorithmic means with data created by
the bench data-setup means to achieve a fuzzy diagno-
sis conclusion in accordance with a preset fuzzy diag-
nosis logic;

() a window interface (e.g., GUI), for outputting a
diagnosis of failure type and order information in
accordance with the fuzzy diagnosis conclusion
achieve by said fuzzy diagnosis means; and

(2) By repeatedly making use the functions of those
means, it is possible for such system to achieve the
real-time diagnosis on rotor.

2. The system as set forth in claim 1, wherein said fuzzy
diagnosis means is adaptive to different bench so as to have
different result on fuzzy relationship and alarm value.

3. A high-resolution frequency order analysis/diagnosis
smart system for rotor, comprising:

(2) a data acquisition means, for measuring the vibration
signal and tacho signal of a rotor;

(b) a bench data setup means, for creating fundamental
data of the bench in accordance with the measured
vibration signal and tacho signal of the rotor as well as
the characteristic of the bench itself;

(c) a STFT time-spectra analysis/re-sampled order track-
ing means, for obtaining the primary data of the fre-
quency distribution for rotor operated in non-constant
tacho by conducting a short-time Fourier transformed
(STFT) time-spectra analysis and re-sampled order
tracking in accordance with measured vibration signal
and tacho signal;

(d) a RLS algorithmic means, for obtaining a high-
resolution frequency order energy distribution of on-
line updateable type by a model based RLS frequency
order analysis technique using the measured vibration
signal and tacho signal as input data and parameters
setup by the computation result of the time-spectra
analysis and re-sampled order tracking;

(e) a fuzzy diagnosis means, for incorporating frequency
order energy distribution calculated by the RLS algo-
rithmic means with data created by the bench data setup
means to achieve a fuzzy diagnosis conclusion in
accordance with a preset fuzzy diagnosis logic;

(f) a window interface (e.g., GUI), for outputting a
diagnosis of failure type and order information in
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accordance with the fuzzy diagnosis conclusion
achieve by said fuzzy diagnosis means; and

(2) By repeatedly making use the functions of those
means, it is possible for such system to achieve the
real-time diagnosis on rotor.

4. The system as set forth in claim 3, wherein said fuzzy
diagnosis means is adaptive to different bench so as to have
different result on fuzzy relationship and alarm value.

5. A method of performing high-resolution frequency
order analysis/diagnosis on rotor, comprising following
steps of:

(a) measuring the vibration signal of a rotor apparatus;

(b) creating fundamental data of the bench in accordance
with the vibration signal and tacho signal measured in
step (a) as well as the characteristic of the bench itself;

() obtaining the primary data of frequency distribution
for rotor operated in non-constant tacho by conducting
a short-time Fourier transformed (STFT) time-spectra
analysis and re-sampled order tracking in accordance
with the measured vibration signal and tacho signal;

(d) obtaining a high-resolution frequency order energy
distribution of on-line updateable type by a model
based Kalman filter frequency order analysis technique
using the vibration signal and tacho signal measured in
step (a) and parameters generated from the computation
result of step (b);

(e) incorporating frequency order energy distribution cal-
culated in step (d) with data created in step (b) to
achieve a fuzzy diagnosis conclusion in accordance
with a preset fuzzy diagnosis logic;

(f) outputting a diagnosis of failure type and order infor-
mation in accordance with the fuzzy diagnosis conclu-
sion draw from step (e); and

(2) By repeatedly making use the functions of those
means, it is possible for such method to achieve the
real-time diagnosis on rotor.

6. The method as set forth in claim 5, wherein said fuzzy
diagnosis conducted in step (¢) is adaptive to different bench
so as to have different result on fuzzy relationship and alarm
value.

7. A method of performing high-resolution frequency
order analysis/diagnosis on rotor, comprising following
steps of:

(a) measuring the vibration signal of a rotor apparatus;

(b) creating fundamental data of the bench in accordance
with the vibration signal and tacho signal measured in
step (a) as well as the characteristic of the bench itself;

(c) obtaining the primary data of frequency distribution
for rotor operated in non-constant tacho by conducting
a short-time Fourier transformed (STFT) time-spectra
analysis and re-sampled order tracking in accordance
with the measured vibration signal and tacho signal;

(d) obtaining a high-resolution frequency order energy
distribution of on-line updateable type by a model
based RLS frequency order analysis technique using
the vibration signal and tacho signal measured in step
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(a) and parameters generated from the computation
result of step (b);

(¢) incorporating frequency order energy distribution cal-
culated in step (d) with data created in step (b) to
achieve a fuzzy diagnosis conclusion in accordance
with a preset fuzzy diagnosis logic;

(f) outputting a diagnosis of failure type and order infor-
mation in accordance with the fuzzy diagnosis conclu-
sion draw from step (¢); and

May 12, 2005

(2) By repeatedly making use the functions of those
means, it is possible for such method to achieve the
real-time diagnosis on rotor.

8. The method as set forth in claim 7, wherein said fuzzy
diagnosis conducted in step (e) is adaptive to different bench
so as to have different result on fuzzy relationship and alarm
value.



