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Abstract: From the aspects of signal conditioning module and data acquisition module, this paper 
discusses the hardware schematic design of online monitoring and positioning systems for partial 
discharge of cross-linked polyethylene cables. The correctness and effectiveness of the method 
disclosed in the paper are proved by field operation of the online monitoring and positioning system 
for partial discharge of cross-linked polyethylene cables.   

Introduction 

Hardware of the online monitoring and positioning system for partial discharge of cross-linked 
polyethylene cables includes a power management module, control & processing module, signal 
conditioning module and data acquisition module, etc. [1-3] This paper focuses on the design of 
signal conditioning module and data acquisition module, while the power management module and 
control & processing module are to be discussed in a separate paper on the same theme. 

Hardware Schematic Design 

Signal Conditioning Module 
To ensure simultaneous sampling of partial discharge signals and power frequency information 

of the three phase lines of the cable, four independent analog acquisition channels are designed for 
the partial discharge signal collector. 

Different cable tunnels, test time and test sites have different noise levels [4,5]. Therefore, the 
analog sampling channel is based on two AD8250 programmable amplifiers. Each amplifying 
channel is composed of four amplification stages, and AD8250 programmable amplifier’s 
adjustable gain range is 1, 2, 5, and 10 (IO control via FPGA). The programmable amplifier’s gain 
table is shown as Table 1. 

According to the specific field condition, the amplification factor can be set via software so as to 
obtain partial discharge signals with the highest-possible sampling precision. 
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Table 1 Programmable amplifier gain table 

 
The low-pass filtering module is a three-order Butterworth filter. Of all types of passive filters, 

Butterworth filter has the smoothest pass band [6]. The conditioning circuit is shown in Figure 1. 

Figure 1 Conditioning circuit 

As ADC is a bipolar chip, the signal must go through single-ended to differential conversion 
before entering ADC, which is illustrated in Figure 2 below. 

 

Figure 2 Single-ended to differential conversion circuit 

Data Acquisition Module 
DAU is responsible for field signal acquisition, processing, and transmission. The acquisition 

system mainly includes an analog acquisition unit, a master control unit and a logic control unit. Its 
structure is illustrated in Figure 3 below. 
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Figure 3 Acquisition system 

AD9218 is a dual-core 10-bit single-chip analog to digital converter (ADC) for sampling, with 
an embedded sample-and-hold circuit. It is featured by low cost, low power consumption, small size, 
easy-to-use and other characteristics [7,8]. Working at a conversion rate of 105 MSPS, it shows 
excellent dynamic performance throughout the entire operating range. Each of the channels can 
work independently.  

Merely one 3.0V (2.7V -3.6V) single power supply and one clock will be enough for the ADC to 
work at full capacity. For most application scenarios, there is no need for an external reference 
voltage source or drive device. The digital output is TTL/CMOS compatible, and a separate output 
power supply pin supports the 3.3V or 2.5V logic interface. 

Clock input is TTL/CMOS compatible, and 10-bit digital output can be powered by a 3V 
(2.5V-3.6V) power source. User-selectable options offer a combination of power-down modes, 
digital data formats, and digital data timing schemes. In power-down mode, digital outputs are 
driven to a high-impedance state.  The high-speed AD sampling circuit is shown in Figure 4. 
Figure 5 is a photo of a real partial discharge signal collector.

 

Figure 4 High-speed AD sampling circuit 
 

Figure 5 A photo of a real partial discharge signal 
collector 
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Conclusions  

   Since put into operation, the online monitoring system for partial discharge of high-voltage 
cables has performed satisfactorily, proving that the said hardware design method is correct 
and effective. 

References 

[1] CHEN Xiangrong, XU Yang, WANG Meng, et al. Propagation and partial discharge 
characteristics of electrical trees in 110 kV XLPE cable insulation at high temperature[J]. 
High Voltage Engineering, 2012,38(3): 645-654.  

[2] Zhou C K, Jing X P, Tang Z Y, et al. Statistical approaches for analysis of condition 
monitoring and failure data in power cables[C]∥CIGRE 2012. Paris, France: CIGRE, 
2012: D1-314. 

[3] LI Huachun, ZHOU Zuochun, CHEN Ping. Analysis of failures among power cables of 
110 kV and over[J]. Electrical Equipment, 2004, 25(8): 9-13． 

[4] GUO Canxin, ZHANG Li, QIAN Yong, et al. Review of partial discharge monitoring and 
localisation in XLPE cables[J]. High Voltage Apparatus, 2009, 45(3): 56-60.  

[5] Ragaa M, Jones G R, Deakin A G, et al. Chromatic mapping of partial discharge signals[J]. 
High Voltage Engineering, 2013, 39(10): 2532-2540. 

[6] TANG Ju, DENG Zhi-yong, ZHANG Xiao-xing, et al. Performance analysis of inner 
sensors used for partial discharge detection in cable accessories[J]. Journal of Chongqing 
University, 2008, 31(7): 760-765.  

[7] HUANG Xing-quan, KANG Shu-ying, LI Hong-zhi, et al. Research on 
ultra-high-frequency method for detection of partial discharge in GIS[J]. Power System 
Technology, 2006, 30(7): 37-41.  

[8] CHEN Qingguo, WANG Yonghong, GAO Wensheng, et al. Online PD data analysis and 
interference suppression by software[J]. High Voltage Engineering, 2005, 31(11):10-12  

634




