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ABSTRACT

Nowadays motor is the most widely used power suppglyipment and drive. In order to ensure the ridiab
operation of the motor, it is necessary to anatieefault mechanism of motor equipment and to dueso
research on the relevant technology about faulyraiais. The motor diagnostic method based on signal
processing is the way that relies on modern signatessing technology to extract fault featuresl, famd

the fault according to the characteristics. At pristhe fault diagnosis method based on the wavelet
analysis has become a hot topic. But wavelet toainshlso has its own defects, such as its deperdamc

a priori information and its applicable limitatiolowever, Empirical Mode Decomposition (EMD) as a
new signal processing technology, is completelyadriby its original signal, doesn't need a pri@sd
function and overcomes the deficiency of the waveknsform. Therefore in this paper, EMD method is
used in the fault diagnosis of the motor. In thislg, EMD method shows a great advantage in thecisp

of signal feature extraction, transformation, teduction feasibility and fault diagnosis for indoat motor

at a setting speed.
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1. INTRODUCTION ging An, Jiao min Liu et al[l] propose the
correlation fundamental component filtering
It is accepted that the motor is the most widelynethod to diagnose rotor broken bar fault in motor;
used power supply equipment and drive nowaday¥ing Shao[2] put forward a new method based on
With regard to the production of electric energythe rotating Park transformation filtering to mamit
almost all the electrical energy is produced byhe rotor complicated condition of induction motor.
generators. And in terms of the consumption of
electrical energy, more than 70% of the electricit)L|

is consumed or converted into other energy b : . .
motor in the world. In addition, the motor has.xrnerlcan engineer named Norde. E.Huang in 1998

o . ) S s a new signal analysis method. HHT theory
become ubiquitous in people’s daily life and Iéconsists of Empirical Mode Decomposition (EMD)

inseparable from any industry sector for man§nd Hilbert transformation. The basic idea of this

pieces of equipment are driven by motors. Whil heory is that: firstly decompose the original sign
complex operating environment and diffident loa Into a series of Intrinsic Mode Functions (IMF) by

property make a higher_ failure rate possible irirtheE D; secondly do Hilbert transformation for each
running process esp_emally Wh_en they are_operat? F; ,and then derivate the phase of the data after
in some bad operat|on. (?ondltlons and with greg oing Hilbert transformation; at last find out the
impact load. Thereforeit is necessary to analyze meaningful instantaneous frequency and
the fault mechanism of motor equipment and to d\qiantaneous amplitude of each IMF and obtain

some research on the relevant technology aboH‘ilbert spectrum of the original signal
fault diagnosis of the motor. '

In recent 40 years, motor fault diagnosis The difference between EMD method and other
technology has developed rapidly, produced huggignal processing methods lies in that its
economic benefits and become a hot issue studidécomposition process completely relies on the
in various countries. Many authoritative institutso original signals themselves, and does not need a
were involved in this area, such as the UnitedeStatpriori basis function. This also is EMD’s advantage
mechanical engineering society (ASME) andBased on this advantage, EMD method is used to
NASA. Many universities and companies also sefliagnose the motor fault in this paper. The results
up a diagnosis technology research centers. God the study show that EMD method can truly

Compared with wavelet analysis method,
ilbert-Huang transform (HHT) put forward by an
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reflect the frequency information of the originalmay be negative frequency with no significance;
signal, and accurately diagnose the fault type dhirdly the instantaneous frequency of band limited

motors. signal may be beyond band range [3].
2. THE PRINCIPLE OF EMPIRICAL MODE Z'Z'r']””'”S'CMOd?.F“”_C“.O” (”\é'Fl)f o
DECOMPOSITION The Concept of Intrinsic modal function Is put

forward by Doc. Huang on the basis of

Hilbert-Huang Transformation (HHT) theory is_summarizing previous studies, aiming to make

composed of empirical Mode decomposition an{istantaneous frequency meanl_ngful. .If th_e
. . . . Instantaneous frequency of a IMF is meaningful in
Hilbert transformation and contains two basic

) S s any point, it must meet the following two
concepts: One is instantaneous frequency; the other” .=~ 7 X
. L . onditions: firstly the number of extreme pointslan
is Intrinsic Mode Function (IMF). Some concerne

X . he number of zero points must be equal or differen
concepts of HHT theory are introduced in follows. . . .
2.1. The | nstantaneous Frequency from 1 in all data Secondly in any data point, the
agnaximum value envelope and the minimum mean
Oenvelope of the signal local all are zero. Nambéy t
curve of signal is locally symmetric about timesaxi

period of time. This definition is correct for sntbo The . former demand is similar to narrowpand
and stable signals, while for those non-stationarpequ'rement of steady-state gauss Slgnal,_whlle the
signals, the traditional definition of frequencynist [Att€r one changes global requirements into local
accurate, because the frequency of non-stationafgduirements to prevent the volatility of the
signal changes with time. Therefore, instantaneodgStantaneous frequency [4].

frequency is introduced. Given a time series, The decomposition process of EMD can be

which reflects the overall features of the sigmahi

Hilbert transformation is defined as follows: considered as a "screening" process, in which the
oo original signal is decomposed into sum of each IMF

H(t):lpj'x_(t)dr 1) arranged one by one from high frequency to low

mot-r frequency[5].Steps of decomposition process are

Where P is Cauchy principal value, generally pShown as follows:

1 Step one: At first, find out all the maximum and
minimum points of the signal to deal with, and then

Such a real signak(t) and H(t) can form a use cubic spline interpolation to deal with these

complex signaZ(t) : extreme value points respectively; at last, work ou
) . the up envelope line and low envelope line of the
- - 0]
Z(H) = X(9+ jH() = a(he” @) signal, and Figure out the mean of the envelopes. |
Where Figure 1, curve a stands for the original signal,
H(t curve b is for maximum envelope and curve c is for
a(t) = X2() + H(1) , ¢At) = arctar{—x 8) 3) minimum envelope.

From the formula 1, it can be seen that Hilbert Step two: take the value of x(t)
tr_ansfo_rmation of th_e signal is _convolution of thesubtracting m(t) notes for  hy(t)
signal itself and reciprocal of time. It reflectset B
partial feature of the signal. According to theeyy n@melyh(t) =x() - m(9 and then check whether

the instantaneous frequency is defined as follows: h(t) meets two demands of IMF or not. If not,

det) make h,(t) as the signal to deal with and repeat the
at) = dt (4) above step untih, (t) accords with two demands of
IMF, noting r,(t) = x(t)—h(t) . Next Figure out
Orf(t):iw ) 9_1() ] _h() ) g
2 dt x(t) subtracting, (t) , notingr, (t) = x(t) - h(?).

By type 4, it can be seen that instantaneous S hree: mak ianal and
frequency not only is the function of virtual signa tep three: make(t) as a new signal and repeat

but also is a function of time. This is the acceptethe above steps until the value meet two demands
definition of instantaneous frequency, but there arof IMF. In this process, there are n IMFs to Figure
several contradictions in this definition. Firstlyout,c,(t),c,(t),dg, (t), markingc,(t) as remainder
instantaneous frequency might not belong to thgrm.

original signal; secondly instantaneous frequency
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input signak(t)

n=1r, ()= x(t)

Y ig, (t) monotone functions™o
less than expected value?
-15 - .
0 20 30 0 & 60 /0 B0 9 100 10 hy(t) = 1, (t),i =1
Figure 1: Extreme envelope f
get h_,(t) local maximum value
and minimum value
So the original signak(t) can be expressed as v
. t
the sum of several IMFs and remainder term. ;ﬁﬁfﬁi:gﬁﬁggg{‘ge'om(
n
(W=2c0+n0 6 mo-e0zel
= . i1
It should be noted that Step three will not stop v o
until one of the following conditions is met: theest R (0) = hy() — m_y()
remainder itemc, (t) become smaller than the
expected value; the remainder itemy(t) is a .
monotone function. Theoretically, if the number of .
decomposition is not restricted, such decomposition v
will last forever. To make the decomposed IMF be
of actual physical significance, it is necessary to 6O =R, n. 0 =rO-c,O,n=n+1
limit the number of decomposition. Norden

E.Huang [6] has given a Cauchy convergence
criteria, namely the standard deviation valsB of e
h,(t) andh(t).

T ty - h (9]
SD:ZPM() h (9] ]<€ -

Figure 2: The Flow Chart For EMD Decomposition

= he. (1)

When the standard deviation val8® is less
than the set value, the decomposition process wil
stop. Norden E.Huang suggest8f take one value n
between 0.2 and 0.3. It is necessary to write obntr x(t) = 21: GO+ (8)

algorithm to apply EMD to signal processing in the

computer. The process of decomposition EMD flow Ma_kmg “S?‘f“' IMF Hilbert transformed_ and
chart is shown in Figure 2. ignoring remainder item, type8 can approximately

expressed as:

n .
X0 =Re3 3 vexd ijg €3)  (9)

It can be seen that type 9 is a function for
tandw. If H(w,t) = X(1), it can be got:

2.3. Hilbert Marginal Spectrum

I The original signal can be expressed as

H@)=ReYa tyexpljq (J) (10
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This is Hilbert spectrum. From type 10, it can be From Figure 4, it can be seen, the sum of IMF1
seen that Hilbert spectrum reflects rules of thand IMF2 is the same as the original signal
signal amplitude changing with frequency and timdasically. Through the method of spectrum analysis,
in the whole frequency band. several steps have been taken: decomposing the
original signal, and then doing Hilbert
fransformation for each IMF, finally figuring out
Hilbert marginal spectrum as shown in Figure 5.

h(w)=]H(w,t)dt (11) B O
o LA VAL AL A IV )
Hereh(w) is called Hilbert marginal spectrum, | WA W /V\/\v/\/

Y U vy vy
in which T stands for the length of sampling time. - ! ! ! I
From the type 11, it can be seen that Hilbert= o
marginal spectrum of the signal describes the rule
of amplitude changing with the frequency and ° T ﬂ‘ | f\‘ T )
represents the stack of amplitudes in a certait' N\ H m H m “ /\H H (\H H

According to type 10, marginal spectrum can b
defined:

frequency place in the whole time period. Thergfore «;

Hilbert marginal spectrum breaks the limitation of .

" . . vy vl vy v vy
traditional Fourier spectral, not only preventing . U U U i
revealing each frequency components, but also c.
very high resolution ratio [7]. Figure 4: The Sum Of IMF1 And IMF2 Compared

With The Original Signal
3. THEAPPLICATION OF EMD IN PRACTICE

In order to explain how to apply EMD to practice ~ °°/

an example is taken. It is supposed that the @igin 5r
signal  x(t) =sin(2zt + 10+ cos(@t+ 1 and a5t
sampling frequency is 100 Hz. The decompositio.  «f
process of EMD is shown in Figure 3. e
Analyzing the decomposition of the results, it 3r
can be seen that IMF1 and IMF2 are got after th 25|
original signal is processed by EMD and the IMF¢ l
are arranged from high frequency to low frequency sl
This also shows that EMD can be used ir T 0 5 0 5 =
filtering. In order to prove that the sum of w
decomposition signal is consistent with the origina Figure 5: The Signal Marginal Spectrum

signal, the sum of IMF1 and IMF2 is figured out.

The resultis shown in Figure 4. It can be seen the main spectrum is 1 Hz and 2.5

Hz, which is consistent with the original signal

@kN \/\/ WN\/VW\/WV\/M” “w { from Figure 5. So it can be concluded that EMD

method can truly restore the frequency information

B EAAAAS A AR AR RAAAALS of the original signal, and it can be used to ettra
: - - - = the original signal characteristics.

.mm/\ A e

= " ] 4 THEAPPLICATIONOF EMDINMOTOR

F’“W\J/\J/ FAULT DIAGNOSIS
Rm‘nﬂj z?ﬂ ‘E"U EE‘IEI s?n m]m 12‘”“

The fault types of the motor can be divided into
o e 2 o T 1l mechanical failure and electrical failure. The
former is affected by the connection conditions
when the motor is installed, such as: the rotor
imbalance, anchor bolt looseness, and coupling
misalignment. While the latter is related to

05,
(]

Figure 3: EMD Decomposition Examples
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assembly conditions, such as broken rotor bar
uneven air gap and inter turn short circuit betwee™
the stator. When it happens to fail, the type @f th™
motor fault may be single one or a combination o”|
several faults. Generally speaking, there are tw
methods to study the motor fault: one way is the
diagnose faults by collecting parameters of the
current when the motor runs. It is because that the
current flowing through the coil will change when
motors have failures; the other way is that diagnos
faults by collecting the vibration data when the
motor runs. It is because that the vibration wél b
in abnormalities when the motor is in fault.

Figure 7: Frequency Distributions For Each IMF
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Amplivde 0osf ||

In this paper, the second way is chose t
diagnose the motor faults. So the below work

ol

should been done: installing vibration sensorhén t
motor, setting the sampling frequency as 1000H
and the sampling points as 1024, before starting

0w
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—_—
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i

M WMWWMWMM
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diagnose faults.

First of all, process the original signal using Figure 8: The Original Signal's Marginal Spectrum
EMD mgtho_d, and .the result is shown in Figu.ret\ 6. \When the motor speed is 1480RPM, it can be
From this picture, it can be seen that the originglnq\yn that the rotation frequency of the motor is
signal is broken down into nine IMFs, of which they4 71, From Figure 8, it can be seen that there is
top five’s amplitude are the larger than the rest's)4 g5, frequency components next to 24.7Hz. So
and whose characteristics are similar  withy o4y he assumed that 24.95Hz frequency is the
characteristics of the original signal. Secondly doqtor rotation frequency. It is because that thigre
Hilbert transformation to the nine IMFS. Thenq oten a peak in the theory rotational frequency
frequency distribution maps of each IMF aftery,e o the frequency accuracy of the frequency
transforming are shown in Figure 7. From thiSpectrym analysis. At the same time, if there is
f!gure, it can be seen that nine curves change W'g?gnificant frequency component in the range\fe
time and the nine curves correspond 10 thgs theory rotation frequency, it can be considered
instantaneous frequency of the nine IMF ajo¢ the component is the rotational frequency. It
different times. It can be concluded that EMDogn he also seen that there is large amplitude
method is able to obtain the llnstantaneouﬁequency component in one frequency doubling.
frequency of the signal. At last, Figure out thyeanwhile, there is a large amplitude frequency
m_arglnal spectrum of these nine IMFs as shown Il51.37Hz) in twice frequency doubling. According
Figure 8. to the characteristic frequency table as shown in
table 1, it can be preliminarily judged that thare
rotor imbalance fault and rotor misalignment fault
in the motor. However, due to the small amplitude

é’W\JMMIV\VWVV\«'V\.MM{WW\“M’MW‘W by
0 ED [
e m

A e »J}A’J\«vw‘/w”\y f\,\,f‘vw,\««my%wﬂh
n 800 80

1000
T

T T
L) A i i
E

Ho
o
0

I
£ 1000

N T T P Tt o ] in this two frequency, (only 0.07mm / s and
- [ TR 0.03mm / s), it can be determined that the vibratio
e e e ) of the motor is not severe.

F“"‘” A S - 4 Table 1: Part Of The Characteristic Frequency For
e e e e = Motor’s Vibration

Fault type Characteristic frequenc

WMN ] Rotor imbalance 1xRPM
e e : ] Rotor misalignment 1xRPM, 2xRPM
T : : : ; : ] Clearance vibration 0.4~0.5xRPM 1~5xRPM

Various times frequency

Bearing loose and fractional frequency

Figure 6: The EMD Decomposition Figure For

- . Short circuit of Stator
Vibration Data

laminated, phase resistan
imbalance, etc

o] 2xPower frequency
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Generally speaking, the amplitudes of the motor Machines and Control, Vol. 15, No.3, 2011, pp.
spectrum in one frequency doubling and twice 69-73.
frequency doubling are larger than other frequendp] Ying Shao, “Feature extracting method of
amplitudes but the absolute amplitude is small. stator and rotor faults of induction motor by
Therefore, according to the characteristic freqyenc  park vector rotating filter” Electric Machines
table, the motor have potential faults of rotor and Control, Vol. 14, No. 3, 2010, pp. 57-61.

imbalance and rotor misalignment. Especially, theg3] johansson.The Hilbert Transform Master

possibility of rotor imbalance fault happening is ~ Thesis, Vaxjo University, Vaxjo, Sweden,
higher than the probability of rotor misalignment 1999,

fault [4] Lijun Wang, Yongliang Huang Dong fei

5. CONCLUSION Wang, “Abnormal combustion fault diagnosis

of hydrogen-fueled engine based on EMD”,

In this study two aspects of work are completed  Journal of Harbin Institute of Technology, Vol.
as follows: Firstly, with the application of EMD 18, No. 12, 2011, pp. 90-92.

method, we process a stable periodical origina[g] M L Wu, S Schubert, Norden E.HuandThe
signal with procedures of decomposition, feature development of the South Asian summer

extraction, and spectrum analysis, and the resiilts monsoon and the intrapersonal oscillation”
these processes are in accordance with the spectrum j5,rnal of Climate. Vol. 12. No. 11. 1999 pp.

of the original signal. It proves that the EMD 2054-2075.
method can restore the frequency information of thf%]
original signal. At the same time, it is feasibte t
extract the characteristic of original signal witie
application of EMD method. Secondly, faults of
asynchronous motor with a speed of 1480 RPM are
diagnosed based on EMD method in this pape{.
With the motor signals gathering with the ]
application of vibrating sensor of which the
sampling frequency is 1000HZ, and procedures of
decomposition, the acquirement of marginal
spectrum, the analysis of marginal spectrum for
acquired signals. At last, it can be concluded tha
the motor rotor have the potential failure of
imbalance and misalignment of rotary through
comparing with the frequency characteristics table
of vibration control motor, and especially the
failure probability of rotor imbalance is higheath

the misalignment of rotary.

N. EH. “A new method for nonlinear and non-
stationary time series analysis: Empirical
4mode decomposition and Hilbert spectral
analysis”, Proc of SPIE, Vol. 4056, No. 16,
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frequency representation of earthquake
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