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Abstract: According to the characteristics of the corresponding rigid points in the actual force
signal, the background and characteristics of signal analysis are described in this paper for the
purpose of obtaining this feature point and the extraction and calculation of the moment of the force
signal is realized, and the wavelet packet analysis is chosen for the analysis of the force signal of
the tierod and the feature extraction. Finally, the realization process of the wavelet packet analysis
of force signal is described in detail. The action time of force measurement and that of the main
circuit of the same action process are analyzed to demonstrate the correctness of the method
according to the test results of the test system.

Introduction

In order to obtain the just minutes from the force signal, this paper proposed a signal processing
scheme of wavelet packet decomposition and reconstruction and realized the extraction and
calculation of the moment of the force signal. Through the comparison of the results of the force
signal processing and the results of the traditional off-line measurement, the results showed that, the
error of the just moment of the circuit breaker based on the force sensor signals less than 0.2ms,
thus this paper further demonstrated the feasibility of on-line measurement of mechanical
characteristics of circuit breaker with force signal.

Background of signal analysis

Circuit breaker is working in high voltage environment, and there is a lot of electromagnetic
interference, at the same time, because of the complex structure of the circuit breaker, there will be
a variety of environmental noise in the on-line measurement. According to the test system actual
curve, there are alot of the burr pull in the force curve during the process of opening and closing, at
the same time, it is a singular point of the curve. This requiring effective method to distinguish
noise and useful signal, and extracting the feature time point of the corresponding sub switch from
the useful signal, the basic idea of Fu Liye transform is decomposing the signal into a number of
different frequencies sine wave superposition, it decomposes the signal into the whole frequency
range, so losing the time information , and it can't be used to analyze the information in the
frequency domain information or a certain frequency corresponding time information, which can't
be used to analyze the time information at a certain time. It isakind of frequency localization signal
analysis method with window size and shape variable, it has with high frequency resolution and low
time resolution in the low frequency part, and has high time resolution and low frequency resolution
in the high frequency part, So you can see the picture signal, and the details of the signal. The real
wavelet analysis is the multi resolution analysis, and its realization process is shown in figure 1.
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Fig.1 Schematic diagram of multi resolution analysis
Wavelet packet analyzing make up for the above analysis of the high frequency signal
insufficient capacity, it's implementation process as shown in figure 2.

Fig. 2 Schematic diagram of wavelet packet decomposition

Wavelet packet making the further decomposition to multi resolution analysis without
subdivision of the high frequency part, more accurate analysis to the signal, improving the
time-frequency resolution, and basing on the analyzed characteristics of the signal, adaptively
select the appropriate frequency band to adapt the spectrum of the signal. During the process of
switching opening and closing, tension force signal is a non-stationary signal in the presence of
interference, first moment of the switching opening and closing corresponding singular points on
the corresponding signal. This paper using the wavelet packet analysis and extract singular point at
the first action moment in the tension force signal.

Wavelet packet analysis of switching force signal

The signal is decomposed and reconstructed by wavelet packet, and the singular point of signal
and the extremum of the high frequency coefficient of one layer are corresponding. There are two
key issues in the wavelet packet decomposition and reconstruction of signals: the choice of wavelet
bases and decomposition level. In view of the fact that there are plenty of analysis tools about
wavelet packet in MATLAB, the paper takes the strategy that: firstly, according to the empirical
data set a common decomposition level; secondly, using the common wavelet packet in MATLAB
decompose and reconstruct pull curves in opening and closing. Using common wavelet bases
analyze pull force signal one by one by the arithmetic to determine the optimal wavelet basis used
to analyze force signal and corresponding optimal decomposition level.

The 23 specific types of wavelet used in Matlab are shown in table 1.

Tablel common waveletsin Matlab

Haar Db2 Db3 Db4 Db5
Db6 Db7 Db8 Db9 Db10
Biorl.1 Bior2.2 Bior2.6 Bior3.5 Bior3.9
Bior6.8 Coifl Coif2 Coif3 Coif4

Sym3 Sym4 Sym5 Sym6
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According to the actual curve of the experiment, and take A phase as an example, the closing pr
ocess of the force signal is as figure 3.




Voltage (mV)

0 200 400 600 800 1000 1200

Measured sample points

Fig. 3 the measured tension curve of A

The aforementioned data measured curve and simulation curve comparison analysis results
show that, the figure in Wavelet analysis is to choose a suitable wavelet base and the corresponding
wavelet decomposition level, the closing lever force signal by wavelet packet decomposition and
reconstruction, and find out the corresponding just combined moments of characteristic singular
point. The closing lever force signal of 5 layers of wavelet packet decomposition and reconstruction
of high frequency reconstruction coefficients D5 has a minimum value with just singular points
correspond to. Algorithm analysis results are shown in figure 4:
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Figure 4 switching force curve Coil2, 5 layer wavelet coefficient reconstruction
The pull force signal in the process of opening and closing of the wavelet packet is decomposed
and reconstructed, from fifth layers high frequency reconstruction coefficient D5 minimum, The
corresponding time point as just closing time.

Verification of the force signal measurement with just the moment

Can be seen through the analysis of the above algorithm, Bisection, the process of closing lever
force curve decomposition and reconstruction, the extreme of a high frequency coefficient and jus
combined point correspondence. So as long as the number of sampling points corresponding to the
extreme points, and then combined with the sampling frequency of the test system, Namely: point /
sampling frequency, it can be obtained just at the moment.

The starting time of combined operation of the coil electric time is determined, can be obtained
by the circuit breaker closing and tripping time. The data measured in the test system is an example,
In the main circuit on-off switching time measurement is obtained at the same time, also won the
pull force curve, Using wavelet packet decomposition and reconstruction algorithm of curve pull

force calculation, switching time parameter can be obtained by force signal measurement. As shown
in Figure 5.

1132



—— S~ the closing time measurement error

o
—o.

—o0loa

—o. 06

—o. 0m

—ol10

—0 1z

—0l1a

—0l1e

—o 18

e T T 13 T T T T T T o

tine error/ns

sample number

(a) the closing time measurement error

—— m ——the closing time measurement error

tine error/ns

BRalr 3 T T

sample number

(b) timing measurement error
Figure 5 action time error distribution

By comparative analysis, this paper decomposed and reconstructed the tension force signal
produced in the process of opening, closing of circuit breaker by wavelet packet, and made the
features of signal more obvious. The measured parameters are compared with the traditional
measurement values. The accuracy of the measurement is very high, which indicates that the
method is feasible and accurate.

Conclusion

Circuit breakers work in the environment of strong electromagnetic interference, and lots of
interference in the data acquisition exists, thus it needs to select the appropriate agorithm to extract
the feature points from the force curve. This paper selected the wavelet packet analysis with time
frequency analysis function in the light of the characteristic of existing singular points and the curve
of the real measurement force is not stable. The closing rod force signal is decomposed and
reconstructed by the six layer decomposition level and a minimum value is corresponding to a
singular point for high frequency reconstruction coefficient d6. This paper compared the opening
and closing time with traditional measurement values resulted from this method combined with test
data of the test system and founded that it has high accuracy.
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