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Abstract: In order to insure the stability of power grid, 24kV composite porcelain insulator PD monitoring system is 
studied in this paper. With the help of pulse current method detection method, the PD propagation characteristics can be 
precisely recognized by the power spectrum density (PSD). In order to have a good comparison, the PD experiments on 
24kV composite porcelain insulator are in the implementation process under drying conditions. And the comprehensive 
fault decision based on PSD algorithm is studied in this paper. With the different layer PD faults, the causes and faults can 
be easily located by PSD algorithm. And the PSD algorithm is introduced in this paper. At last the simulation results show 
that the proposed method can improve the accuracy and the real-time performance of fault diagnosis in 24kV composite 
porcelain insulators. 
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1. INTRODUCTION 

According to power system statistics report, more than 
37% blackouts on power distribution system is caused by 
insulation failure [1]. Insulation fault in composite porcelain 
insulators is a potential threat to flight safety of the 24kV 
power grid stable operation [2-4]. There is no doubt that 
composite porcelain insulators play important roles in power 
transmission. Auto-recognition to discharge types in on-line 
PD monitoring system could be used to find out internal par-
tial defects and the relevant discharge development degree in 
time, and then prevents equipment from the coming faults. In 
general, electromagnetic radiation, high frequency pulse, 
dielectric loss voice, lighting and heating emitting can be 
monitored with the profile of PD in power equipment. And 
there are several PD propagation characteristics method dis-
cussed in the references [5-7]. Electric methods and non-
electric methods are to diagnose and correct problem situa-
tions for large power transformer. Such as pulse current 
method (PCM), dielectric loss method (DLM) and electro-
magnetic radiation method (ERM) have been studied in the 
past decade. According the IEC standards, PCM is the rec-
ommended detection method on PD propagation characteris-
tics. 

1.1. PD Models and Experimental Devices 

According to the internal insulation PD in porcelain insu-
lators and the PD propagation characteristics, there are three  
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PD models designed in this paper, which are shown in Fig. 
(1) That is point discharge in transformer oil (P1), Solid In-
sulation of Power Transformer (P2), and surface discharge in 
transformer oil (P3). The PD signals are measured by PCM. 
Test PD detection schematic diagram and experimental de-
vices are shown in Fig. (1) and Fig. (2). 

1.2. Power Spectrum Density Analysis 

PSD analysis is the method which indicates the relation 
between the power change and the frequency variation. The 
most part of the PSD is the calculation of spectral density 
function. With the help of PAD analysis, statistical operator, 
pulse waveform characteristics, and fractal characteristics in 
2 dimensions or 3 dimensions can be considered. As can be 
shown in Equation 1, the frequency of PD and the maximum 
PD value can be calculated by the different windows spectral 
density functions (such as Boxcar data sampling, Hamming 
data sampling and Blackman window data sampling etc.) [8, 
9]. 
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2. EXPERIMENTAL PROCEDURE 

2.1.PD Experimental Requirements 

In order to have a good contrast effect, starting discharge 
voltage VS. extinction voltage mode are studied in this ex-
periment. With the study of surface discharge in 24kV com-
posite porcelain insulators, the source voltage is gradually 
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increased by 1kV,2kV and 3kV separately. When the surface 
of 24kV composite porcelain insulators is under the drying 
condition, the surface discharge experiments are implement-
ed with different layers from 1 to 7. Moreover, the starting 
discharge voltage VS extinction voltage modes are shown in 
Table 1. 

With the study of surface discharge in 24kV 7-layer 
porcelain insulators the source voltage is gradually increased 
from 52 to 57.8 kV by 0.48kV step. In this way, we can get 
12PRPD patterns(from t=0.1to 1.2s, with time interval of 
0.1s) as shown in Fig. (3). In order to have a quick and accu-
rate calculation on power spectrum density, the 3-D colorful 
12PRPD patterns are converted to the 2-D gray PD images, 
as can be shown in Fig. (4). With the help of MATLAB 7.0, 
the 24kV composite Porcelain Insulators PSD values in dif-
ferent PRPD gray images of PD can be obtained, which are 
shown in Fig. (5). 

With the consideration of random disturbance and statis-
tical characteristics in different PRPD gray images of PD,  
 

the experimental results should be considered in one cycle. 
Furthermore, the PRPD gray images of PD are also varied 
with different electromagnetic environments. Compared with 
Fig. (3) and Fig. (4), we know that the big fluctuation on 
PRPD patterns may not be the characteristic value for differ-
ent operation conditions [10, 11].   

2.2. PD Data Analysis with PSD Method 

In this way, some classification methods should be con-
sidered, such as SVM, fuzzy clustering method and some 
ANN methods. In this paper, PSD method are proposed in 
PD data's-analysis. 

 With help of MATLAB 7.0 and PSD tool, the PRPD  
gray images of PD are converted in Fig. (5). As can be seen 
from the Fig. (5), the PSD mean value and variance value of 
24kV 7-layer Porcelain Insulators are shown in Table 2. 
When the variance value is more large, the PSD mean value  
  

 

Fig. (1). PD models of artificial defects. 

 

 
Fig. (2). Detection Circuit on PD of 24kV composite Porcelain Insulators. 

Table 1.  Starting Discharge Voltage VS. Extinction Voltage Under the Drying Condition. 

Layer Number Starting Voltage /kV Max Voltage/kV Extinction Voltage /kV 

7 52 57.9 48 

6 38.8 44 32.7 

5 34.1 38.9 28.3 

4 28.1 32.4 22 

3 24.2 28.4 15.6 

2 18.7 22.6 10.1 

1 14.5 19.3 8.1 
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Fig. (3). 24kV composite Porcelain Insulators PRPD patterns of PD (from left to right and from top to bottom, the 0.1s to 1.2s PRPD patterns 
under drying condition and layer number =7, the same to Fig. 4 and Fig. 5). 

 

 
Fig. (4). 24kV composite Porcelain Insulators PRPD gray images of PD. 

 

 
Fig. (5). 24kV composite Porcelain Insulators PSD values in different PRPD gray images  of PD. 
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Table 2.  PSD Mean Value and Variance Value of 24kV 7-layer Porcelain Insulators. 

Mean Value/ Variance Value 

K1:33.3163/41.732 K2:37.8148/17.1364 K3:39.7116/15.717 K4:37.4712/21.3663 

K5:41.1662/16.244 K6:37.8365/16.1358 K7:39.3415/16.0575 K8:37.7466/16.3457 

K9:34.6511/18.3673 K10:36.8939/18.6764 K11:38.4485/15.6617 K12:41.0732/15.6617 

 
 
Table 3.  PSD and Voltage Increment Curve of Different Layers Porcelain Insulators PRPD Patterns. 

7 Layer 

Voltage 
Delta Q 

6 layer 

Voltage 
Delta Q 

5 Layer 

Voltage 
Delta Q 

4 Layer 

Voltage 
Delta Q 

3 Layer 

Voltage 
Delta Q 

2 Layer  

e 
Delta Q 

1 Layer 

Voltage 
Delta Q 

52 0.1 38.8 0.1 34.1 0.1 28.1 0.1 24.2 0.1 18.7 0.1 14.5 0.1 

53 0.4 39.8 0.3 35 0.25 29 0.4 25 0.2 20 0.2 16 0.15 

54 0.5 40.8 0.35 36 0.4 30 0.45 26 0.4 21 0.25 17 0.2 

55 0.55 42 0.5 37 0.5 31 0.48 27 0.55 22 0.35 18 0.3 

56 0.6 43 0.6 38 0.55 32.4 0.6 28.2 0.57 22.6 0.45 19.3 0.4 

57 0.8 44 0.7 38.9 0.65 31 0.55 27 0.55 22 0.4 18 0.37 

58 0.9 43 0.65 38 0.6 30 0.5 26 0.48 21 0.38 17 0.35 

57 0.85 42 0.6 37 0.55 29 0.48 25 0.45 20 0.36 16 0.3 

56 0.7 41 0.55 36 0.5 28 0.45 24 0.33 19 0.32 15 0.28 

55 0.65 40 0.5 35 0.45 27 0.42 23 0.28 18 0.3 14 0.25 

54 0.6 39 0.45 34 0.4 26 0.38 22 0.25 17 0.28 13 0.22 

53 0.5 38 0.43 33 0.3 25 0.35 21 0.22 16 0.25 12 0.2 

52 0.4 37 0.4 32 0.29 24 0.3 20 0.2 15 0.24 11 0.15 

51 0.3 36 0.35 31 0.28 23 0.2 19 0.18 14 0.2 10 0.15 
 

is more variable with voltage fluctuation. And the results 
have more typical resolution on patterns of PD, except the 
special changes on the first data and the fourth data (which is 
shown with yellow color background). 

As can be concluded according to the Table 2 and equa-
tion 2, the mean PRPD gray images value can be obtained 
(M stands for typical value of PSD): 

  

M = 1
9

(k2+ k3+ k5+ k6+ k7 + k8+

k9+ k10+ k11+12)
 (2) 

where K1 and K4 are singular value for the calculation of 
PSD values. Then the PSD and Voltage Increment curve of 7 
and 6 layers porcelain insulators PRPD patterns can be 
shown in Fig. (6). 

As can be seen form the Fig. (6), PSD and Voltage In-
crement curve of different layer porcelain insulators PRPD 
patterns have different PSD values. in this way, we can lo-
cate the position and the value of PD faults. The detailed 
data are shown in Table 3. 

CONCLUSION 

In this paper, the comprehensive fault decision based on 
PSD algorithm is studied. Furthermore, the PD experiments 
on 24kV composite porcelain insulator are in the implemen-
tation process under drying conditions and the PSD values 
are obtained by image recognition. With the help of 
MATLAB 7, he simulation results show that the proposed 
method can improve the accuracy and the real-time perfor-
mance of fault diagnosis in 24kV composite porcelain insu-
lators. 
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Fig. (6). PSD and voltage increment curve of 7 layer and 6 layer porcelain insulators PRPD patterns (delta Q: Y-axis ,U :X-axis). 


