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Abstract. Aiming at the problem of rolling bearing fault diagnosis, a fault diagnosis method of
rolling bearing is proposed based on analytical mode decomposition (AMD) and LabVIEW. For
the fault feature frequency of rolling bearing is predictable, the AMD method can be used to
extract the signal in the frequency band of fault characteristic frequency in rolling bearing signal,
and seek frequency spectrum of vibration signal. If the spectrum contains fault characteristic
frequency, then the rolling bearing fault can be diagnosed by vibration signal. A rolling bearing
fault diagnosis system is developed based on LabVIEW and AMD, and the application of AMD
algorithm is realized. The validity of the method is proved by the analysis of actual fault signal of
rolling bearing.
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1. Introduction

Rolling bearing is one of the most commonly parts of machinery and equipment, which plays
a very important role in industrial production. Whether the working status of rolling bearing is
normal or not, which affects directly the performance of the whole mechanical equipment. The
rolling bearing fault will cause the device to produce abnormal vibration, and even cause
equipment damage. So the study of fault features of rolling bearings is great significance to protect
the safe operation of machinery equipment and to avoid the occurrence of accidents [1-5].

Analytical modal decomposition (AMD) method is a new signal decomposition method
proposed by Chen et al. [6]. The method can separate the signals of different frequency
components from the signals, but the premise is need to determine the respective frequency
components of the signal, and then determine the Two-Partitioning Frequency value to conduct
AMD decomposition. The effect of temperature on the bridge was separated by using AMD in [7],
and the Two-Partitioning Frequency was determined by analyzing the energy distribution. For the
rolling bearings, the fault characteristic frequency of different parts can be calculated, so AMD
method can be used to deal with the bearing vibration signal to determine whether it contains fault
frequency components.

In this paper, the analytical mode decomposition method is applied to fault diagnosis of rolling
bearings. The signal of frequency band is separated by AMD method and the spectrum is obtained.
A rolling bearing fault diagnosis system is developed based on LabVIEW and AMD, and the
feasibility of method is proved by an example.

2. Analytical modal decomposition method

Chen and Wang proposed a new signal decomposition method, known as the analytical modal
decomposition method [6]. The method can decompose a signal containing different frequency
components into a single component signal. In particular, the signal can be decomposed into a
signal with a close spaced frequency component. If a time series x(t) is divided into two
frequency signals by wy,, which is shown as:

x(t) = s1(t) + 5, (0). (M
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Its Fourier transforms are X(w) and |w| < w,, the frequency ranges are |w| < w, and
|w| > wy,, and the sum of X (w) and X (w) is X(w), then we can obtain:

+oo e Pde IR do e

f Is; (D)2 dt = L 12n < Lo | 211)| :f Ix(£)|2 dt < oo, )
+oo Pl (lPde [Tl do [t

f |§1(t)|2dt=f_°° 12n sf—“’| = | =f |x(£)|? dt < co. 3)

So, x(t) and L?(—oo, +00) both are the real function of L?(—o0, +00).
Let s.(t) = cos(wpt), ss(t) = sin(wpt). And s; (t)x(t) makes the Hilbert transform shown

as:

H[sx (©)x ()] = HIsx(t)s1(®)] + HIsx (6)51(0)]. (4)
According to the Bedrosian theorem, the Eq. (4) can be rewritten:

Hls(®)x(®)] = s1(OH[s (O] + s (OH[5,(D)]. %
When k is equal to cands respectively, can be solved:

51(0) = ss(OH[sc(Ox(O)] = sc(OH[s;()x(t)] ©)

A e s oo
) s, (O]H[s.()x(t)] — H[ss(t)]H[s.(t)x(t
Al 0] = SO (O] —s.OHsO] @

The Hilbert transform of s, (t) and s, (t) can be expressed as:

H[s.(D)] = sin(wyt), H[ss(t)] = —cos(wpt). (®)
So:

ss(OH[sc ()] — sc(OH[ss(0)] = 1. ©)
The Eq. (6) and Eq. (7) can be rewritten:

51 (t) = sin(w,t)H[x(t) cos(w,t)] — cos(w,t) H[x(t) sin(w,t)]. (10)

H[5,(0)] = sin(w,t)H[x(¢t) sin(wyt)] + cos(wy,t)H[x(t) cos(wyt)]. an

Obtained by Eq. (1):

5:(8) = x(t) — 5, (0), (12)
H[s;(©)] = H[x(6)] — H[5:(8)]. (13)

Thus the signal x(t) gets two signals s; (t) and 5; (t) by the AMD decomposition.
3. Fault diagnosis method of rolling bearing based on AMD
3.1. AMD signal extraction algorithm

Feldman further explained the decomposition method which can be used as a low pass filter
[7]. Because the AMD method can decompose a time series into any two signals, so AMD
decomposition method can not only realize function of low-pass filter, but can extract any
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frequency components of signal, however need to know the frequency components of original
signal.

Suppose there is a time sequence x(t). The frequency of x(t) = x,(t) + x,(t) ... + x;(t) ... +
X, () 1s f1, fo, .- fis.-., fn respectively andf; < f, < -+ f; < -+ < f,,. When the frequency f;
components of signal is extracted, just take the value betweenf; and f, as the Two-Partitioning
frequency decomposition; if the frequency f, components of the signal is extracted, we can take
the value between f, and f; as the first half of the Two-Partitioning frequency decomposition and
then subtract the value between f; and f, as the first half of the Two-Partitioning Frequency
decomposition; if the frequency f; components of the signal is extracted, we can take the value
between f;_; and f; as the first half of the Two-Partitioning frequency decomposition and then
subtract the value between f; and f;,, as the first half of the Two-Partitioning frequency
decomposition; if the frequency f,,components of the signal is extracted, we only need to take the
value between f,,_; and f, as the Two-Partitioning frequency decomposition. Its schematic
diagram is shown in Fig. 1.
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Fig. 1. AMD extracting signal principle diagram
3.2. Rolling bearing fault diagnosis method

For rolling bearing, the fault characteristic frequency can be predicted, and a fault diagnosis
method of rolling bearing is proposed based on AMD. The method includes the following steps:

(1) The rolling bearing is measured by the acceleration sensor, and the vibration signal of the
bearing is collected;

(2) The collected rolling bearing vibration signal is imported into the computer, and the
original signal of the rolling bearing is obtained;

(3) The original bearing signal is decomposed by AMD, and the signal in frequency band of
each fault feature is extracted;

(4) The various components of AMD decomposition are conducted by Fourier transform, and
the spectrum of component signal is obtained;

(5) According to the spectrum component, the fault characteristic frequency and the location
of the fault is distinguished, and fault feature extraction of rolling bearing is realized.

The flow chart of the method is shown in Fig. 2.

4. Fault diagnosis system based on AMD and LabVIEW

LabVIEW has been widely used in many fields as a virtual instrument development
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environment. In this paper, the AMD algorithm is embedded into LabVIEW to realize fault
diagnosis of rolling bearing. The rolling bearing fault diagnosis system is composed of four
modules, which are real-time domain analysis module, frequency spectrum analysis module,
AMD module and characteristic frequency calculation and fault identification module. The
software version of the program used is LabVIEW2012 in this paper.

Acceleration sensor [ Vibration signal of :"> AMD algorithm

rolling bearing
FFT

Rolling bearing fault

. . Bearing fault feature K —— 1
diagnosis

Fig. 2. Flow chart of AMD fault diagnosis
4.1. Time domain analysis module

The time domain analysis module includes three parts mainly, which are the time domain
waveform display, the time domain parameter index measurement and the determination and
non-dimensional parameter statistics. The front panel of the program is shown in Fig. 3.

The module can make offline data import program, at this point, the sampling frequency and
data length of the off-line data are needed to be input into the program so as to be able to calculate
the parameters in the time domain. The waveform displays of input data, parameters calculation
and alarm settings are realized. The software analysis of time domain statistical indexes includes
two categories, they are dimensional indicators (such as variance, standard deviation, root mean
square value, average value, maximum values, etc.) and dimensionless parameters (such as peak
indicators, waveform index, margin index and pulse index). And judge the running state of the
rolling bearing by setting a threshold value for each indicator, in order to achieve fault early
warning.
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Fig. 3. Time domain analysis module front panel Fig. 4. Spectrum analysis module front panel
4.2. Spectrum analysis module

In the front panel of spectrum analysis contains the amplitude spectrum, phase spectrum and
power spectrum. The spectrum analysis interface is shown in Fig. 4. Phase spectrum is the curve
of signal phase frequency response of the phase, which represents the phase of each frequency
component in the time origin. Amplitude spectrum is the curve of the signal amplitude versus
frequency, which represents the amplitude of each frequency component in the time origin. The
amplitude spectrum of the signal is the same as the phase spectrum of the signal. It is the important

© JVE INTERNATIONAL LTD. VIBROENGINEERING PROCEDIA. DEC 2016, VOL. 10. ISSN 2345-0533 117



RESEARCH ON FAULT DIAGNOSIS METHOD OF ROLLING BEARING BASED ON AMD AND LABVIEW.
DONGYING HAN, CUIIAO SU, PEIMING SHI

characteristic of signal. Amplitude spectrum and phase spectrum VI calculate real time-domain
signal and unilateral scaled amplitude spectrum, and return the amplitude spectrum by the
amplitude and phase.

4.3. AMD decomposition module

Front panel of AMD decomposition module of this off-line diagnosis system is shown in
Fig. 5. In the module, filling in the sampling frequency of off-line data and sampling points, and
conducting the data signal with AMD decomposition by setting the value of Two-Partitioning
Frequency 1 and 2, which can extract arbitrary frequency signal, and display the value of
frequency components of decomposition.

4.4. Characteristic frequency and fault identification module

The front panel of the characteristic frequency and fault identification module is shown in
Fig. 6, the module calculates the fault characteristic frequency of bearing parts, and the frequency
and the theoretical value of the required signal components are obtained to judge whether the
bearing is in fault and the type of the fault, through rolling bearing parameter settings for different
types mainly.
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Fig. 5. AMD decomposition module front panel Fig. 6. fault identification module

Taking the experimental data of the Western Reserve University as an example [8], the drive
end bearing model is SKF6205, the bearing speed is 1797 r/min (29.95 Hz), and the sampling
frequency is 12 kHz. The diameter of the bearing is 39.04 mm, the diameter of the rolling element
is 7.94 mm, the number of the rolling elements is 9, and the contact angle is 0 degrees. By
calculating the holder fault frequency at 12 Hz, outer race fault frequency is 107 Hz, inner race
fault frequency 162 Hz, rolling body fault 141 Hz, the effectiveness of the developed system is
demonstrated through the actual rolling bearing fault signal.

5. Conclusions

1) A fault diagnosis method of rolling bearing is proposed based on AMD. Due to the rolling
bearing fault frequencies is predictable, Therefore, the AMD method can be used to extract the
signal of the fault frequency band and to seek its frequency spectrum, to judge the extracted signal
whether there is fault frequency and whether there is fault and fault location.

2) A rolling bearing fault diagnosis system is developed based on AMD and LabVIEW, and
the analysis and processing of the bearing data are realized. By analyzing the vibration signal of
rolling bearing fault, it is proved that the method can extract the fault characteristic frequency of
vibration signal, which can be used to realize the fault diagnosis of rolling bearing.
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