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ABSTRACT 

In view of the asymmetry of the output voltage waveform in the variable frequency speed 
regulation system, which leads to the invisibility problem of the variable speed system working for 
a long time, on the basis of analyzing that the traditional time domain diagnosis method can not 
diagnose the invisible fault well, The new frequency band energy correction method to analyze the 
inverter output voltage and current, by comparing the normal operating conditions and 
asymmetric state to determine the motor operation is good or bad, in order to achieve the 
purpose of diagnosis of motor hidden fault. The experimental analysis shows that when the 
method is applied to extract the weak characteristic signal of the output voltage of the variable 
frequency speed regulation system, the hidden fault of the frequency converter can be well 
reflected. Thus ensuring the reliable operation of the motor. 
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1.FEATURE EXTRACTION OF TRADITIONAL 
ASYMMETRIC FAULT OPERATION 

Common to reflect the electrical weak signal of 
the basic characteristic parameters are; mean

µ (1), variance 2δ (2), root mean square rmsX
(3). When extracting voltage and current signal 
characteristics, in addition to these basic 
characteristic parameters, some other 
characteristic parameters such as fifth moment 
parameters, skewness 3γ (4) and kurtosis 4γ (5) 

are needed. The skew reflects the asymmetry 
of the discrete signal for the ordinate, the more 
skewed it is if the asymmetry is more severe. 
The kurtosis is very sensitive to large 
amplitude, and it is more effective to contain 
the pulse fault in the detection signal. 

In actual application, the mean value of the 
signal reflects the static part, which has little 
significance for fault diagnosis. However, it has 
a great influence on calculating the following 
parameters. Therefore, the mean value of the 
signal should be subtracted from the original 
data to make the zero mean value To highlight 
the dynamic part useful for troubleshooting. 
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The signal skewness and the fifth-order central 
moment 5γ (6)can reflect the signal symmetry, 

and the kurtosis can reflect the signal deviation 
from the normal distribution.. 

 
 
2 OUTPUT VOLTAGE ASYMMETRY 

ANALYSIS 

In order to extract weak characteristic signal of 
invisible fault voltage, the voltage signal in the 
system of frequency conversion speed control 
is used in the experiment to analyze. The 
motor adopts three-phase AC asynchronous 
motor with power of 2.2kW and line voltage of  

380V. VVVF system uses three-way control of 
three-point pressure, AC - VVVF main circuit 
shown in Figure 1 

 

Fig. 1  AC-AC frequency conversion speed 

regulation system of main circuit principle 

diagram 

From the inverter output voltage analysis 
shows that the frequency control system load 
for the inductive load, the thyristor will produce 
voltage spikes off. Therefore, the output 
voltage waveform is more complicated. Even if  
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the output voltage is denoised by wavelet, the 
voltage waveform is still complex. It can be 
seen from the above that the signal skew and 
the fifth-order center moment can reflect the 
signal asymmetry. By analyzing the 
characteristic parameters of the inverter output 
voltage, the tables 1 and 2 are obtained. Table  

1 and Table 2 show that the normal state of the 
inverter and In the fault condition, the output  

voltage distortion, the fifth-order center 
moment and other characteristic parameters 
reflecting the output voltage asymmetry all lack 
regularity. The normal state of voltage and 
stealth fault voltage skew and the fifth-order 
center moment difference is small, can not 
determine whether an output voltage waveform 
is symmetrical, therefore, need to find a new 
method to determine the inverter voltage 
waveform asymmetry Sex. 

 



Gao	  ZhongZhu.;	  33(2017)	  1-‐10	  

  

  
  
4	  

 

 

3 FEATURE EXTRACTION METHOD BASED 

ON WAVELET BAND ENERGY CORRECTION 

VALUE 

When the inverter has a hidden fault, some 
weak frequency components will appear, the 
signal characteristics are not obvious, but the 
extraction of these frequency components is 
the premise of fault diagnosis. In this case, 
these frequency components are easily 
overwhelmed by changes in other frequency 
components. Therefore, feature extraction is 
very difficult. At this moment, the significant 
signal feature extraction method based on 
wavelet band energy may not extract weak 
signal characteristics due to frequency band 
energy leakage, which is not suitable for the 
extraction of weak signal features. For this 
reason, a weak signal feature extraction 
method based on wavelet band energy is  

 

 

proposed, which is called weak signal feature 
extraction method for short. 

 If the wavelet transform sequence of a certain 

frequency band is }{ j
nd ,n = 1,2, ..., m, which 

j
nd is the n wavelet coefficient of the j  layer, 

then the energy of the frequency band is 

 

∑
=

=
m

n

j
nj dE

1

2)(                              (7) 

Suppose the system has k working state, from 

the 1k  state to the 2k state, a larger change in 

the frequency component, the existence of the 
characteristic frequency components, at this 
time dm layer ( 11~1=m ) the energy of the 
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band form )( 1kEdm change to )( 2kEdm
)()(| 12 kEkEE dmdmdm −=Δ  Is the absolute value 

of the energy increment of the band of dm  
layers, and then the three consecutive bands

1+dm , dm , 1−dm the absolute value of the 

energy increment respectively 1+Δ dmE , dmEΔ ,

1−Δ dmE .The incremental comparison method is 

the principle of judgment as follows, whereε  is 
the threshold of the energy increment of the 
frequency band. 

(1) If 1+Δ dmE 、 dmEΔ 、 1−Δ dmE  are all less thanε

, then there is no change in the characteristic 

frequency components. 

(2) If 1+Δ dmE 、 dmEΔ 、 1−Δ dmE  there is one or 

more is greater than ε  ,There is no change in 

the characteristic frequency component 

When dmdm EE Δ>Δ −1 and 11 +− Δ>Δ dmdm EE , the 

characteristic frequency component is located 

in the 1−dm layer frequency band; 

 When 1+Δ>Δ dmdm EE and 1−Δ>Δ dmdm EE , the 

characteristic frequency component is located 

in the dm layer frequency band; 

When dmdm EE Δ>Δ +1 and 11 −+ Δ>Δ dmdm EE , the 

characteristic frequency component is located 

in the 1+dm layer frequency band; 

Due to the boundary problem of the frequency 
characteristics of the wavelet, when the signal 
frequency is located at the frequency of the 
band boundary, the boundary problem can lead 
to misjudgment when the signal characteristics 
are extracted. If the spectrum analysis method 
is used to identify whether the signal frequency 
is at the band boundary, the correct result can 

be obtained, but the calculation amount is 
relatively large, which seriously affects the 
real-time performance of the system. 
Therefore, in order to solve the problem of 
frequency band boundary of the wavelet, an 
adjacent frequency band comparison method is 
proposed, which takes full advantage of the 
energy leakage of the frequency components in 
the adjacent frequency bands and accurately 
identifies whether the frequency components 
are at the band boundary or not. Provide the 
basis for the exclusion of the boundary issue 
when extracting. 

Since the boundary features of the dl-dll layer 
have some differences, the energy of the bmf (

bmf  for the mth sub-band ) left and right bands 

in the left and right sides of the bmf  are 

different depending on the transition direction 
and the energy value. If only one side If the 
boundary energy of the frequency band is 
directly judged, it is feasible for the individual 
cases where the band energy jump at the 
boundary frequency is extremely intense (eg, 
the energy of the negative transition band is 
close to 0), but for most bands, When the 
energy of the band is maximum, the energy of 
the band near the band is close to the 
minimum value of the energy of the band in 
the case of a negative transition. In this case, 
judging directly by the frequency band on one 
side can not obtain the correct result. In order 
to improve the accuracy of the judgment, a 
method of comparing adjacent frequency bands 
is proposed, that is, whether the frequency 
band is to be analyzed is determined by using 
the energy variations of the frequency band to 
be analyzed and its adjacent left and right 
adjacent bands. 

When the signal frequency is in the left 
boundary (or the right boundary) of the 
frequency band to be analyzed, the judgment 
criterion is as follows: 1. The energy of the 
frequency band to be analyzed jumps in the 
opposite direction to the energy of the left 
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adjacent (or right adjacent) frequency band; , 
The energy of the right adjacent (or left 
adjacent) frequency band is very small, 
indicating that the boundary is far away from 
the right adjacent (or left adjacent) frequency 
band. The specific method is as follows. 

Set mα 、 mβ 、 mγ as the bmf threshold, 

)/( 11 −+ ++= dmdmdmdmdm EEEEe  , dmE as the 

band of dm the band energy. Due to the 
relative value, so the signal amplitude changes, 
the impact on the dme  little. In the above-

mentioned signal and its analysis conditions, 
because dl does not have the right adjacent 
frequency band, bmf so by the frequency 

3~1 dd band to judge. 

When m = 1, if 11 α≥de , 12 β≤de and 13 γ≤de , 

the measured signal frequency at 1fb . 

When m=2,5,6 ... ..11, if mdme α≥ and 

mdme β≤+1 and mdme γ≤−1 , the measured signal 

frequency is located at mfb .   

When m=3, if, 33 β≤de and 32 γ≤e 34 α≥e  and, 

the measured signal frequency at 3fb . 

Boundary frequency 4fb characteristics are not 
considered. 

If the measured signal is a single frequency 

signal, the selection of the threshold of each  

boundary frequency is relatively simple, as 

shown in Table 3. In short, the steps of the 

above method can be summarized as follows: 

First, determine the type of wavelet dbN and 

decomposition level L, to obtain the initial 

characteristics of each boundary frequency; 

Second, according to the characteristics of the 

measured signal changes, to determine mα 、

mβ 、 mγ ;Third, the use of adjacent Band 

comparison method to determine whether the 

boundary frequency area 

 

Tab.3  single frequency signal boundary frequency threshold 

*---Indicates that the value does not have to be considered 

 

mfb  1fb  2fb  3fb  4fb  5fb  6fb  7fb  8fb  9fb  10fb  11fb  

mα  0.9 0.9 0.9 * 0.8 0.9 0.9 0.9 0.9 0.9 0.9 

mβ  0.05 0.05 0.05 * 0.2 0.05 0.05 0.05 0.05 0.05 0.1 

mγ  0.05 0.05 0.05 * 0.05 0.05 0.05 0.05 0.05 0.05 0.05 
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4. EXPERIMENTAL ANALYSIS 

Set the sampling frequency Hzfs 1250= of the 

inverter output voltage, wavelet analysis signal 

sampling points for the number 102=oN , select 

the db3 wavelet, the decomposition level 5=L , 

the various layers are dl, d2, d3, d4, d5 layer, 

a5 is approximate Layer, their corresponding 

frequency range are still respectively 

corresponding to the frequency ranges 312.5-

625 Hz, 156.25-312.5 Hz, 78.125-156.25 Hz, 

39.063-78.125 Hz, 19.531-39.063 and 0-

19.531 Hz .The fundamental frequency of the 

output voltage when the three-way three-point 

voltage is at the a5 level , he fifth and seventh-

order harmonic components are at the level d3. 

Since the output voltage is greatly affected by 

the power supply voltage, the band energy of 

the layers d1 to d5 in the following analysis is 

based on the short-time energy of the output 

voltage, and the band energy of the layers d1 

to d5 is expressed by the symbols ed1~ed5 . 

Experimental analysis shows that there is a 

certain difference in frequency energy of the d4 

layer of the output voltage between the normal 

state and the fault state of the frequency 

converter, but the energy of the d4 layer band 

is much smaller than that of the d3 and d5 

layers. Under normal conditions, the typical 

data of the band d3~ d5 in the three-phase 

voltage and the stealth fault state are shown in 

Tab 4 and Tab 5, respectively. For comparison, 

the correction values of energy
•

4de  in the d4 

layer band are also included in the table. As 

can be seen from Table 4 and Table 5, the 

values 3de , 5de are larger and 4de smaller. Under 

normal conditions 3de , 5de and invisible fault 

conditions 3de , 5de ,there is no obvious feature. 

Although the value 4de of the stealth fault state 

is slightly larger than that of the normal state, 

the difference between the two is very small 

and it is difficult to extract its characteristics. 

After theoretical and experimental analysis, 3de  

can be seen that the 5,7 harmonic components 

mainly from the d3 layer, 5de  are mainly caused 

by the energy leakage of the fundamental 

frequency of the a5 layer in the d5 layer, which

4de  is caused by the 5th and 7th harmonic 

components of the d3 layer In the d4 layer of 

the band energy leakage and d4 harmonic 

components together. However, the harmonic 

component located on the d4 layer lacks 

apparent harmonic frequencies, and the effect 

of FFT analysis is not very satisfactory. 

Therefore, weak feature extraction based on 

wavelet band energy is used to extract features 

of d4 layer 

Consider the effects of bands 3 and 5 on band 

4 energy. Replaced with the d4 layer band 

energy correction value
•

4de take the place of 4de

and get 

)()()()( 344 ccecece ldrdd αα −−=
•

              （8） 

In the formula, rα 、 lα respectively the left and 

right bands energy coefficient, c for the c 
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working condition. Based on the above 
analysis, the band energy leakage coefficient of 
the d4 layer is taken 0=lα , and the influence 

of the band energy leakage of the d3 layer on 
the energy of the d4 layer frequency band 
needs to be observed, so as to determine the 

value. Through the analysis of the typical 
normal state and fault state of the frequency 
converter, the value of the energy correction 
value of the d4-layer frequency band should 
satisfy the minimum value of the energy 

correction value 005.00 min4 ≤<
•

de , and thus

2.0=rα , from the formula (8) 

)(2.0)()( 344 cecece ddd −=
•

                         (9) 

From equation (9), we can get the correction 

values
•

4de  of energy in d4 layer under normal 

condition and fault condition as shown in Table 

4 and Table 5, respectively. It can be seen that 

the difference between the normal situation 

and the invisible fault state
•

4de  is obvious, 

which
•

4de  can be used as a feature for judging 

the unsymmetrical operation of the frequency 

converter. The smaller of the value 
•

4de is, the 

better the symmetry of the voltage waveform 

is. As can be seen from Tables 4 and 5, the 

symmetry of the three-phase voltage waveform 

in the normal state is good, and the symmetry 

of the three phases in the invisible fault is poor. 

 

 

Tab.4 Normal band energy of a revised three-phase voltage symmetry analysis of asymmetric 
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Tab.5 Fault conditions of a revised energy band voltage symmetry analysis 

 

 
 
5 CONCLUSION 

This paper studies the inverter output voltage 
changes under asymmetric operating 
conditions. Based on the analysis of the 
traditional condition that the invisible fault can 
not be judged as the voltage asymmetry, this 
paper adopts a new method to extract the 
weak characteristic signal of invisible fault - the 
band energy correction method. Experimental 
results show that the proposed method can be 
used to detect the implicit fault of inverter 
when extracting the weak characteristic signal 
of the output voltage under the third frequency 
of the variable frequency speed regulation 
system. 
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