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Fig.1 Flow chart of measurement
configuration optimization
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Fig.2 Simplified schematic of Oilfield
distribution network line
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Tab.1 Measuring device layout scheme

EMEE T A DL TUARE
2,513 0.705 882 0
2.5.15 0.705 882 0

2,5.10.13 0.882 353 0
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2.,5.11.15 0.882 353 0
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Tab.2 Optimized layout scheme considering
the maximum observability of the system

Jrgg EMBEENA A DRI TUARE
I 2.5.9.12.15 1 2
I 2.5.10.12.15 1 1
I 2.5.10.13.15 1 2
\l 2.5.10.13.16 1 1
v 2.5.10.13.17 1 1
Vi 2.5.10.,14.15 1 1
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Tab.3 Measurement of node voltage

WS RIRIRE/ Y RARL(°)

2 266.94 149.16
5 456.32 128.99
9 223.35 146.55
12 508.45 126.72
15 521.82 126.08

x4 XHERENE

Tab.4 Measurement of branch current

AT RV RN ()

2—1 3.62 92.91

2—38 2.16 -85.99
2—3 1.50 =77.30
5—4 6.31 -158.83
5—6 6.41 24.33

5—7 0.36 -83.29
9—38 9.34 -122.52
9—10 0.27 -92.12
12—11 2.74 -164.88
12—13 3.41 -163.54
15—13 6.52 -149.68
15—16 4.22 -85.00
15—17 6.25 18.27

*5 5XIEKBEREMBAMAIREITLL
Tab.5 5th harmonic voltage amplitude
and phase error comparison

Wal WA AR MG AEGLOTEL AEOLA TR ARfIR
G5 HAE/V OIME/Y 2/% /() H/(0) 2%
1 259.65 259.75 0.04  148.15  148.15 -0.01
8  268.67 268.64 -0.01 149.39  149.39  0.01
3 267.54 267.46 -0.03 149.26 14926  0.02
4 47971 479.82  0.02  128.01  128.01  0.04
6
7

331.18 330.46 -0.22 135.39 135.39  -0.34

456.68 456.69  0.00 129.05 129.05 0.00
10 180.77 180.47 -0.16 146.13 146.13 0.60
11 509.38 509.32 -0.01 126.83 126.83 0.00
13 502.93 50290 -0.01 126.96 126.95  -0.01
14 527.77 527.82  0.01 125.80 125.81 0.01
16 257.78 25791 0.05 142.41 142.50 0.06
17 256.59 25630 -0.11 147.69 147.75 0.04
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The Optimal Allocation Method of Harmonic Measuring

Device in Distribution Network
LI Wei', ZHANG Zhihua®, SUI Guozheng’, SUN Dong', QU Zeqi’
(1. Shengli Oilfield Technology Inspection Center, Sinopec , Dongying 257000, China;
2. College of Information and Control Engineering, China University of Petroleum, Qingdao 266580, China;
3. Hekou Oil Extraction Plant, Shengli Oilfield, Dongying 257200, China)
Abstract ; In order to satisfy the requirements of energy saving and process adjustment in oil field, the frequency converters and
other non-linear power electronic equipments are widely used, and the harmonic pollution of oil field distribution network is
raising serious. The harmonic on-line monitoring system lays a foundation for measuring and analyzing the harmonic distribution
characteristics of oil field power distribution network. However, due to the economic constraints of application, the installation
quantity of harmonic measuring terminal is limited, so it is necessary to optimize its installation position. Considering both the
observability and the redundancy of harmonic state estimation, a method for the optimization of measuring terminal addressing is
proposed. The observability and redundancy of the system under different harmonic measurement terminal configurations are
calculated by using node correlation matrix and observability logic judgment method of harmonic state estimation. On the
premise of ensuring the maximum observability of the system, the installation position of the measuring terminal is optimized
with the maximum redundancy. In the case of limited number of terminals, the considerable measure and precision of harmonic
state estimation of oilfield power distribution network can be improved. Simulation results show that the method is effective.

Key words: oil field distribution network ; harmonic on-line monitoring system ; considerable measure ;redundancy
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Ultrasonic Phased Array Detection of Composite Insulator Internal Defects
XU Tianyong', DONG Xiaohu', LI Rongchao', LIU Guogiang®, XIA Hui®, XIA Zhengwu’
(1. Maintenance Company, State Grid Hubei Electric Power Co., Ltd., Wuhan 430000, China;
2. Institute of Electrical Engineering of CAS, Beijing 100190, China)
Abstract:In order to eliminate the risk on the safe operation of power grid caused by the internal defects of composite
insulators. A water capsule flexible coupling method based on ultrasonic phased array is proposed for small diameter composite
insulator . This method uses the silicone rubber film and the coupling device to achieve good ultrasonic coupling. The defects
detection experiments of the plane silicone rubber, composite insulator sheath and core were carried out respectively.
Experimental results show that the linear scanning imaging is better than the sector scan and defects of the diameter of 0.8 mm
can be detected, which provides a new method for the ultrasonic defects detection of composite insulator umbrella group. For the
composite insulator sheath and core, the method of water capsule coupling can detect defects with a diameter of 0.8 mm and 1.0
mm through the phased array sector scanning. It provides the possibility for the on-line detection of composite insulator.

Key words : composite insulator ; ultrasonic wave ; phased array ; nondestructive testing; internal defect
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Research and Application of Program Remote Upgrade for

Sub-modules in VSC-HVDC Converter
WANG Tao, LI Hanjie, ZHANG Maoqgiang, LI Lele, TIAN Jie, FANG Taixun
(NR Electric Co., Ltd.,Nanjing 211102, China)
Abstract : Modular multilevel converter (MMC ) has been widely applied in the VSC-HVDC ( voltage source converter-high
voltage direct current transmission) field. In MMC application, it is very difficult to upgrade the program of the sub-modules of
MMC. The structure of VSC-HVDC control system and sub-module of MMC is described, the program function of sub-module
controller is analyzed. A method of program remote upgrade for MMC is introduced, the design of main hardware modules and
software flowchart of the program upgrading system is presented. Safety and reliability evaluation of program remote upgrade for
MMC is also described. This work is applied and verified based on dynamic simulation experiment platform for MMC research.

Key words : modular multilevel converter ;remote upgrade ;sub-module
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